® 




guropiJaohe* Ps ifta m t 
European Patent Office 
wince eunipeen (Ml DrSVetS 



0 Pvibttcatton number: 



0 346 847 

A2 



® 



EUROPEAN PATENT APPLICATION 



© Application number: 89110717.9 
© Oate of filing: 1X06.89 



© int. a* C07D 207/16 , C07D 217/26 

C07D 209/52 , C07D 211/60 

C07D 209/42 , C07D 277/06 

C07D 215/48 , C070 279/06 

C07D 241/04 , C07D 401/12 
C07D 403/12 

N£U CYCLIC A-A4INJO A<^12> >£AlVS. + U££PUL AS 



Claims for the following Contracting States: ES 
+ GR. 



® Priority: 13.06.88 QB 8813940 
10.04.89 GB 8908035 

© Date of publication of application: 
20.12.89 Bulletin 89/51 

® Designated Contracting States: 

AT BE CH DE ES FR QB GR IT U LU NL SE 

© Applicant: F. HOFFMAHN-LA ROCHE AG 
Poatfach 3255 
CH-4002 Basel(CH) 

© Inventor: Hanjja, Balraf Krlshan. 
89 t Lords Wood. ' 



Welwyn Garden City, Herts,,* GB) 
Inventor: Machln , Peter James. 
42, Parklands Road. 
London.(GB) 

inventor: Marti n. Joseph Armstrong, 
10, The Chowns. West Common. 
Harpenden, Herts^(GB) 
Inventor: Redshaw , Sally, 
29, Hertford Road, ~ 
Stevenage, Herts*, (GB) 
inventor: Thoma s, Gareth John. 
2B. Woodland Way, Oakland % 
Welwyn Garden City, Herts.,(GB) 

© Reoresentative: Lederer, Franz, Dr. at al 
Van der Werth. Lederer & Rlederer 
Patentanwalte Luclle-Grahn-Strasse 22 
D-8000 MUnchen 80(DE) 



© Amino acid derivatives. 



© Comoounds of ;he formula 



< 

co 

CO 



CL 

uu 



(0) 

1 2 



R 



CO CH CH ? — N R 

Na' Nm' >^ 2 W 



R " R S V k 



CH* 
9 



8 



wherem R' represents ?.:-:•: -.vcarronyi. aratkoxycarbonyl. aikanoy 1 . :yc:oa!kyicarDcny l . 3:a;kancyi. aroyt. 
heT.erccyclyicarconyl. alkvisvL-v^vi. aryisulphonyl. moroa.alkylcarbamovi. c^namcv: c .7--;raikc>:ycar- 
bonyiarr.ir.oaikanoyi and R : -ecreseris hydrogen or FV ana P 2 toge:^«* .vi;n -re nurcgen a:c~ :c whicn t^ey 
ire anachec r?oresent a : --je grouo of the formula 
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(a) 



in which P and Q together represent an aromatic system: R 3 represents alky I. cydoaJkyi. aryt. araJkyl, 
heterocyclylaikyl. cyanoaikyl. aJkylsulphinylalkyl. carbamoylaJJcyl or alkoxycarbonylalkyl or, when n stands 
for zero. R 3 can also represent alkyrthioalkyl or, when n stands for 1 , R 3 can also represent aikylsulphonylal- 
kyl; R* represents alkyl, cycioaikyl, cycloalkylaikyl. aryl or araJkyl; R* represents hydrogen and R s 
represents hydroxy or R 5 and R* together represent oxo: R 7 and R 8 together represent a trim ethylene or 
tetramethylene group which is optionally substituted by hydroxy, alkoxycarbonylamino or acylamino or in 
which one -CH 2 - group is repiaced by -NH-. -N(alkoxycartoonyl)-. -N(acyt>- or -S- or which carries a fused 
cycloalkane. aromatic or heteroaromatic ring; and R 5 represents alkoxycarbonyl, monoalky (carbamoyl, 
monoar alky [carbamoyl, monoarylcartamoyl or a group of the formula 



in which R 10 and R u each represent alkyl: 

and their pharmnceuticatly acceptable acid addition salts inhibit proteases of viral origin and can be used as 
medicaments for the treatment or prophylaxis of viral infections. They can be manufactured according to 
generally known procedures. 
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Amino Add D*rfvattv«s 



TTw present invention is concerned with amino acid derivatives 

Th. am.no acid derivatives provded by ft. present .nvention are compounds of the genera, formoi. 
?' (PL n 7 



i. 



nitrooen atom to which they are attached repreTen/a ^S^Z " ** - 
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(a) 
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.eteCryC.^ -* « ary , aralkyl . 

•or zero. R> can a, so represent J^J^, ^ whetnTand " r Wh9 " " S,ands 

represents alky ,. cycloalky , c Zo^Z £ or ar C R nSrST? f Vlsu,p h on ylat - 
represents hydroxy or R* and n« fn rt «.h-, 7 ^raiKyi. m represents hydrogen and R> 

.etrame.hyiene group wnicn s JZT^S!Z h ^ * t096,her represen * a '-ethylene or 
which one -CH,: aroU n i.^™'^™ ° V "^"V- '""xycartoonylOTino or acylamino or in 
cycloalkane. aromatic o ZTolnJ • N<,,kox £ arbon y , >-- -Wacyi). or -S- or which carries a fused 
-oaralMcarParn^.^^ — V-Pamoy, 



ilO (b) • 

, 5 m which R-= ana R- each represent aikyl; 

and oharmaceuiicaily acceotabie acio aaaiticn salts thereof 

Possess «nh^ ma ^ •«*>'»»• «* ««i«on «... ,e nove. and 

tJ v,ia cocess. medicaments ccntainmr 

said comoour.cs ana salt* ip *^ . ^ ^ * a — nia,nm S -a- — ^vouncs a.-.- sxxs. the use of 

e * ?! or Prevention of illnesses e*--e--iai!*- m th* . _ , 
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treatment or proohy taxis of viral infections. 

Aa used in this Specification, me term "alkyl\ atone or »n combination, moans a strajght-cnatn or 
branched-chain albyl group containing a maximum of 8. preferably 3 maximum of 4. carbon atoms such as 
methyl, ethyl, n-orolyl. isopropyl. n-butyl, isobutyi. sec.butyt. tert.butyt. pentyi. hexyl and the like. The term 

5 "aJUoxy", alone or in combination, means an aikyi ether group m which the term "alky!" has the significance 
given earlier, such as methoxy, ethoxy. n-propoxy. isopropoxy. n-butoxy. isobutoxy. sec.butoxy. tert.butoxy 
and the like. The term "cycloalkylalkyP means an alky I group as defined ea/tier which is substituted by a 
cycloalkyl group containing 3-8. preferably 3-6. carbon atoms such as cyciopropyl. cyclobutyl. cycicoentyl. 
cyclohexyl and the like. The term "aryl". alone or m combination, means a phenyl or naohthvi croup which 

to optionally carries one or more substituents selected from alkyl. alkoxy. halogen, hydroxv. ammo ana the 
like, such as phenyl, p-tolyl. 4-methoxyphenyl. 4-tertbutoxyphenyl, 4-fluoropnenyl. 4-chlorcphenyl, 4- 
hydroxyphenyl. 1-naohthyl. 2*naphthyl etc. The term "aralkyl". alone or in combination, means an alkyl 
group as defined earlier in which one hydrogen atom is replaced by an aryl group as defined eariier. such 
as benzyl, 2-phenylethyl and the like. The term "araikoxy carbonyr. alone or in combination, means a 

is group of the formula -C{0)-0-araikyl in which the term "aralkyl" has the significance given earlier, such as 
benzyloxycarbonyl etc. The term "alkanoyl". alone or in combination, means an acyi group derived from an 
aikanecarboxylic acid such as acetyl, propionyl. butyryl. valeryl, 4-methytvaleryl etc. The term 
"cycloalkylcarbonyl" means an acyl group derived from a monocyclic or bridged cycloalkanecarboxylic acid 
such as cyciopropanecarbonyl, cyclohexanecarbonyl. adamantanecarbonyl etc or from a benz-fused mon- 

20 ocyclic cycloalkanecarboxylic acid which is optionally substituted by. for example, alkanoylamino. such as 
1 .2.3.4-tetrahydro-2-napnthoyl, 2-acetamido- 1 .2.3.4-tetrahydro-2-naDhthovl. The term "aralkanovi" means an 
acyl group derived from an aryl -substituted aikanecarboxylic acid such as ohenylacetyl. 3-phenvlorooionyi 
(hydrocinnamoyl). 4-phenylbutyryl. {2-naphthy()acetyl. 4-chiorohydrocinnamcvl. 4-aminohydrocinnamov!. 4- 
methoxyhydrocinnamoyi etc. The term "aroyP means an acyl group derived from an aromatic cartrcxyiic 

25 acid; for example an optionally substituted benzoic or naphthoic acid such as benzoyl. 4-chiorobenzoy!. d - 
carboxybenzoyl, 4-<benzyloxycarbonyDbenzoyl. t-naphthoyl. 2-naohthoyl. S-carboxy-2 naDhthcyl. 6- 
(benzyloxycarbonyl)-2-naphthoyt. 3-benzyloxy-2-narjhthoyt. 3-hydroxy-2-naohthoyl. 3-<benzyioxyformamido)- 
2-naphthoyl etc. The heterocyclyt portion of a heterocyclylcarbonyl or heterocyciylalkyl group is a saturated, 
partially unsaturated or aromatic monocyclic, bicyclic or tricyclic heterocycle which contains one o r -^cre 

do hetero atoms selected from nitrogen, oxygen and sulphur, which is optionally substituted cn one or more 
carbon atoms by halogen, alkyl. alkoxy. oxo etc and/or on a secondary nitrogen atom (i.e. -NH-\ t-y alkyl. 
aralkoxycarboryl. alkanoyl. phenyl or phenyialkyl or on a tertiary nitrogen atom (i.e. =N-\ by oxido and 
which ts attached via a carbon atom. Examples of such heterocyclyl grcuos are pyrroiidinyi. p-c-r-dinyl. 
piperazinyl. rnorc-nolmyi. thiamorpholmyi. cyrrolyi, 'midazoiyi 'eg. imidazoi '--vi. *- 

as benzyloxycarbonyiimidazoi-4-yl, etc), pyrazolyl. pyndyl. pyrazinyi, oynmicinyl. furvi. thienyl. tr-nzoiyl. ox- 
azolyl. thiazolyi. indolyl (e.g. 2-indclyl etc), ciutnoiyl (e.g. 2-aumolyi. .l-cumoiyi, 1 -oxido-2-auinc!yi etc), 
isoauinotyl (e.g. 1 -isoauinolvl. 3-isoauinotyi etc), tetrahydroqumotyi (e.g. ' .2.3.4-tetranyaro-2-Guinoly' etc). 
1 .2.3.4-tetrahydroisoaumoiyf (e.g. t .2.3.4-tetranydro- i -oxo-isoauinotyl etc K cumoxaimyi r-caroc'mvi ~n£ thn 
tike. The term "halogen" means fluorine, chlorine, brcmtne or iodine. 

-io A cinnamoyi grouo cenoted by R' can oe unsuostituted c r can carry ?-r ?ne cnenvi r^r r T-ce 

subctituor.ts selected from aikyl, alkoxy. halogen, ^rtro and the like. 

The aromatic system cenoted by P ana 0 together m tormuia (at give" eariier can oe ncnocv:;-:.: 'O g. 
1 ,2-phenylene or thienyiene) or ooivcyclic (eg. 1 .2-naohthyiene. 2.3-nacntnylene. 1 S-naDnthyie^-e. 2.3- 
anthrylene etc) and can oe unsuostituted cr substituted bv one or ^? r e suostituents selected ; - nikvl. 

-'5 aikoxy. halogen and the like. 

As mentioned earner, a tnmethviene or 'etrameihviene crcuc oencteo cr,- R 2na R 3 "n be 

optionally substituted by a hvdroyy grouD or an aikoxycarconyiammc g r c_c -e.g. tert butoyvcarDcnyip-ninc} 
or an acyfamino grouo u.e. an aikanoviamino. :vcioaikyicarbo r v'am»nc j-raikanoviammo r r arov'nmmr: 
grouo. Alternatively, one -CH— group of 2 '/'methylene or :etrame*nv : e~° cro'jc ceno'en jv 3-<c R s 

50 'ogether can oe reoiaceo cv -NH-. -'JtalkoxycarDonviK f or examce -Nfte^ c_'c v vcarocny!K - v i'acv!:- : r -3- 
When a tnmethyiene cr :etramethyiene grouo cenoteo by R ; and R" : ::cetner carries a lusea c\ c:oaikane 
ring, this can oe. for examo'e. a 'usee cvcioalkane ring containing 2-6 :3rocr. 2tcrrs s-.;c" ns a 'used 
cyciODentane. cycionexsne or 'ike r, ng ana wren the trimethyiene o f '.e^a*" r'pv^e grouo ;3"!es 3 fust?a 
aromatic cr neteroarorr at<c ring. !h:s can be. for example, a fusee cenze-*-? 0 or th-cc-or-e -:**c; -vhich 

55 can be cciionaiiy substnuteo cn one or more carbon atoms bv halogen 1 ■ . a-'-n^y etc. ~'--js. -'■•■'n " '1 -OH- 
■•R j \(R i i ran reoresent. ; cr examoie. one of the following groups: 

n '' s 89372119 
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and 



(i) 



C j) 



wherein fl 3 has the significance given earlier. FV 2 reoresents hydrogen, hydroxy, aikoxycarbcnyiammo or 
acylammo. R' 3 reoresents hydrogen, alkoxycarbonyl or acyl. m stands for 1 or 2 and o stands (or 1 or 2. 

The Dharmaceuticaliy acceotaDie acid addition salts of the comocunds of formula I are salts formed with 
inorganic acid, for examoie hycronalic acids such as hydrochloric acid or hydrobromic ac:d. 3'jlohuric acid, 
nitric acid, phosphoric aaa etc. or with organic ac:ds. for example acetic aoc. c::nc ~::c. maieic acid, 
fumanc acid, tartaric acid. rvethanesufDhonic acid, o-toluenesuichonic aac etc: 

^e^unoounos -:f Jcrmu'a : contain at least three asymmet.-c "r::on atoms arvn arc •"-•'c-fcre oresent 
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in the form of optically cure diastartotsomers. mixtures of diastereoisomers, dlastereotsomeric r&cemmos or 
mixtures of diaate*eorsomenc racemates. The present invention include* within its scope aJI of these forms. 

One particular group of compounds of formula I composes those in which n stands for zero, R 3 
represents aJkyl. cyctoaikyl. a/yl, araikyl. heterocyclylaikyi. cyanoalkyl, alkylthioaJkyl. carbamoyUkyl or 

9 aJtexycarbcnylaikyl and fl ; and R* together reoreserrt a trimethylene or t tramethyien group in which one 
-CHj-group can be replaced by -NH- or -S- or which can carry a fused cyctoaikane. aromatic cr 
heteroaromabc ring. 

In the compounds of formula I hereinbefore, preferably FV represents alkoxycarbonyl. araJkoxycarbcnyl, 
aikanoyl. cycioalkylcaroonyi, aralkanoyl. aroyl, heterocyclyfcartoonyl or a-aralkoxycarbonylamino-aikanoyl. 

10 especially benzyloxycardonyl, 2-naohthoyl. i-hydroxy*2-naphthoyl. 3*hydroxy-2-naphthoyl. 3-benzyioxy-2- 
naphthoyl. 2-quinolyteart>onyl or 3-quinolylcarbonyl, and R 2 represents hydrogen. R 3 preferably represents 
alkyl. cyanoalkyl. alkyrthioalkyl or carbamoyialkyl, especially cyanomethyl, methyrthiomethyl or carbamoyl • 
methyl. R* preferably represents araikyl, especially benzyl. Preferably, R s represents hydrogen and R 6 
represents hydroxy. Preferably. •N(R'>-CH(R , )(R , ) represents one of the groups of formulae (c) to (■) 

is hereinbefore, especially a group of formula (c) in which R 12 represents hydrogen and m stands for 2 cr R' 2 
represents tert.butoxycarbonyiamino and m stands for 1. a group of formula (d) in which R 13 represents 
tert.butoxycarbonyl. a group of formula (e) in which m stands for i. a group of formula (f) in which m and p 
both stand for 1, or a group of formula (g). (i) or <j)- With respect to R', this preferably represents 
alkoxycarbonyl, especially tert.butoxycarbonyl. monoalkytearbamoyl. especially isobuty (carbamoyl or 

to tertbuty (carbamoyl, or a group of formula (b). especially one in which R 10 represents sec.butyl and R M 
represents isobutyl. 

From the foregoing it will be appreciated that particularly preferred compounds of formula I are those in 
which R 1 represents benzytoxycaroonyi. 2-naphthoyl. i-hydroxy-2-naphthoyl. 3-hydroxy-2-naphthoyi. 3- 
benzyloxy-2-naphthoyl, 2-quinolylcaroonyl or 3-quinolylcarbonyl and R 2 represents hydrogen, R 3 represents 

25 cyanomethyl, methyrthiomethyl or carbamoylmethyl. R* represents benzyl. R 5 represents hydrogen and R 4 
represents hydroxy and -NfrVy-CHfRMtR') represents a group of formula (c) hereinbefore in which R 12 
represents hydrogen and m stands for 2 or R 12 represents tert.butoxycarbonyiamino and m stands tor i. a 
group of formula (d) hereinbefore in which R 13 represents tert.butoxycarbonyl, a group of formuia (o) 
hereinbefore in which m stands for 1 . a grouo of formuia (f) hereinbefore in which m and p both stand for 1 

30 or a group of formula (g). (i) or (j) hereinbefore and R 5 reoresents tert.butoxycarbonyl. isobutylcaroamoyi. 
tert.buty (carbamoyl or a group of formu'a (b) in which R 10 represents sec.butyl and R u represents isobutyl. 

Especially preferred compounds of formula I are: 
N 2 -(3(SH[N-<benzyloxycarbonyl)-L-asoaraginyl]amino}-2(R or S)-hydroxy-4-phenylbutyl}-NMert.butyl-l-oro- 
linamide. 

35 N 2 -[3(G)-{[N-(benzyloxycarbonyl)-L-asDaragtnyl]amino)-2fR or S^hydroxy^-phenylbutylJ-N 1 -isobutyl-l-cro- 
linamide. 

N 2 -(3(SH[N-{benzyioxycarbonyl)-L-asDaraginyt)amino]-2fRVhydroxy-4-phenylbutyl]-N : -tert.butyl-VR)- 
thiazolidinecarboxamide. 

N-tert. butyl 1-{2(R)-hydroxy-4.oher.ylO(S)-[[N-{2-ouinolylcarbonyl)-L-asDaraginyl]aminoib'jtvij-2fS)- 
■*o pipendinecarboxamide. 

H3<SHlN-(benzyloxycarbonyO-L-asoaraginyl]amino|-2{R)-hy^ 
(3aS.6aS>-cycloDenta(o)pyrroie-2(S)-carDoxamide. 

1-[3(S)-{[N-benzyloxycarbonyl)*L-asoaraginyl]amino}-2(R)-HyCroxy-4-Dhenyibutyl]-N-tert.butyl-2(S)- 
pipendinecarboxamide. 

J5 2-(3(S)-([N-{benzyloxycarbonyi)-L-asDaraginyl]aminoj-2(R)-hyoroxy-4-ohenyibutyil-N-ten.butyl-i .2.3.-*- 
tetrahydropyrido(3.4-b)indole- 1 -carboxamtde. 

N-tert.buty(0-[2{R)-hydroxy-3(S)*[[N-'2-naohthoyi)-L-asoaraginyl]amino]-4-pheny'butyi!-4(R)- 
thiazolidinecarboxamide . 

NMert.butyl-N 2 -(2(R)-hydroxy-4-phenyi-3(SH[N-<2-auinoiyic^^ 
so oxide.. 

1 -(3(SH[N-<benzyloxycarhonyi)^-cyano-L-alanyi]ami 
oipendinecarboxamide. 

1 -[3(S)*[{N-fbenzyloxycarbonvtWL-asDaraginyl]amino]-2{R)-hydroxy-4-ohenvibutvi ■-4-'tert.butoxycarbcr i \ i-M- 
!ert.butyl-2(R or S)-pioerazinecarbcxamide. 
55 1 •!3(S)-[[N-(benzyloxycaroonvi)0-cyano-L-alanyl]aminol-2fR)-hydro>'v-^-o^e n v:hviV/0-4- 
(tert.butoxycarbonyi)- N-tert. butyi-2fR cr S)-oiperazinocarocxamide. 
N 2 -(3(S)-[[N-benzyloxycarbcnyM-L-asoaraginyi]amino]-2(R)-hyaroxy- ! -r h env't:i. - 
(tert.butoxvfcrmamido)-N'-!ert.butv!-L'Oronnamide. A 
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1 ^:HSHI^H^•fe•n*Y^•2^»OMhoylH••30•r•^ 2<SV 

piperidttwcarboxamkle. 

l«ert.t>utyM H2(R>*ydroxy-4-ph^ 

pipe* idinsc artiOK amide 1 -oxide, 
s NHertbutyl i ^3<SH[NK3*ydfO)ry-2^a0httK>ylK^ 

ptpendinacartoxamtdo. 

t^•na•2^3<SH[^^benzytoxyca^^ 

dacahy<^4aA.8aSH8oquinolin^3(SKart)oxamtd6. 

4^t6ftbutoxycart)onyi>-N-t©ft.buty»- 1 K2(RHiydroxy-4-phe^»-3(SHt^ 
to amino )buty1}-2(R or SHaperazinecartooxamide. 

r4^.butyMK2(RWiydrc^-3<SH[ N ^1^ 

pipendinecart»xamide, 

trana-NH»rt.butyWecahydro-2^^ 

butylH4a^-8ASH8oquinolin»-3(SKartx)xamide and 
is |sMert.butyM42(R)*ydroxy^phenyl-3<SW[N^^ 

pipehdinecarboxamide. 

The most preferred compounds of formula I are: 

N-tert.ButyM42(RhhydroxyO(SHt^ 

pipeodinecarooxamtde, 
20 N4ertbutyH>ciahYdro-H2<R^ 

(3aS,6aSKyctopenta(b]pyiTOie-2(S>-carboxamide and 
N-tert.butyM.2.3>tetraliydro-2-{2(R)-hv^^^ 
butyl]pyrido(3.4-bIindole-l(R or S>-caft)Oxamide. 

According to the process provided by the present invention, the compounds of formula I hereinbefore 
23 and their pharmaceutical^ acceptable acid addition salts are manufactured by 

(a) for. the manufacture of a compound of formula I in which n stands for zero, reacting a compound 
of the general formula 



30 



35 



» 4 



* 5 V 



1 1 



wherein RV RV RV R ; . R 8 and R* have the significance given earlier, 
with an acid of the general formula 

r1 — N 

45 \ III 

CH COOH 



wherein RV R : ana R : have tne significance given earlier, 
or a reactive cenvative thereof, or 

(b) for the manufacture of a compound of formuta I -r wmch n stands fcr ;erc. represents 
hydrogen and R & reoresents -vr^roxv. reducing a compound of jfa i m which r, stares fcr :ero and R 5 
and R* together represent o*c. :r 
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(c) for the manufacture of a compound of formula I in which n stands for zero and R ! represents 
alkaiwyl. cydoaieytcarbonyl. araikanoyf. aroyt. hetarocyctylcarbonyt aJlryttutpnonyt. aryHuiphonyi. dn- 
namoyl or ^araflcoxycart»ny4amifioalto^ and R a represent! hydrogen or and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imid group of formula (a) hereinbefore, 
reacting a compound of the generaJ formula 

* 4 R 7 

wherein R 3 . R*. R 5 , R*. R 7 , R f and R 1 have the significance given earlier. 

with an agent yielding an alkanoyl. cycloalkytcarponyl. aralkanoyl. aroyl. heterocyclylcarbonyi, alkylsul- 
phonyl. arylsulphonyi, cinnamoyt or o-aralkoxycaroonylamino-alkanoyl group or with an agent forming a 
cyctic imide group of formula (a) hereinbefore, or 

(d) for the manufacture of a compound of formula I in which n stands for zero and R 1 represents 
monoaralkylcarbamoyl and R 2 represents hydrogen, reacting a compound of formula IV hereinbefore with a 
compound of the general formula R* -N * C = 0 V 

wherein R' represents araikyl, 
or 

(e) for the manufacture of a compound of formula I in which R 3 represents alkylsulphinylalkyi and n 
stands for zero, oxidizing a compound of formula I in which R 3 represents alkylthioalkyf and n stands for 
zero, or 

(f) for the manufacture of a compound of formula I in which n stands for 1 . oxidizing a compound of 
formula I in which n stands for zero, or 

(g) for the manufacture of a compound of formula I in which n stands for 1 and R 1 represents an 
aromatic N-heterocyclylcarbonyl N-oxide grouo and R 2 represents hydrogen, oxidizing a comoound of 
formula I in which n stands for 1 and R' reoresents an aromatic N-heterocyclylcarbonyl grouc and R 2 
represents hydrogen, or 

(h) for the manufacture of a compound of formula I in which n stands for 1 and R 3 reoresents 
alkylsulphonylalkyl. oxidizing a compound of formula I in which n stands for 1 and R 3 ■ voresents 
alkylsulphinylalkyi. or 

(i) for the manufacture of a compound of formula I in which FV represents carboxy-substitutec* aroyl. 
hydroxy-substituted aroyi or nyorocinnamoyl and R 2 represents hydrogen, catalytically hyarogenating a 
comoound of formula I in which fl 1 represents benzyloxycarbonvi-substituted aroyl. benzyloxy-r-jbstituted 
aroyl or cmnamoyi ana R 2 reoresents hydrogen, cr 

(j) for the manufacture of a comoound of formula I m which R 3 reoresents imidazoM-yi nr.c.or R 4 
reoresents hydroxy-substituted aryl or hydroxy-substituted araikyl and/or R ? and R 8 together rooressnt a 
tnmethylene or tetramethylene group in which one -CHj- group is reoiaced by -NH-. treating a ccmocund of 
formula I m which R 3 reoresents Hbenzyloxycarbonyl)-imidazo!-4-yl and or R* reoresents :o.:.Dutoxy- 
substituted aryl c 'ert.butoxy-substituted araikyl and/or R ; and R 8 together represent a trimethylene or 
tetramethylene group in which one -CH?- group is replaced by Nftert.butoxy carbonyl)* with a strong acid, 
or 

(k) for the manufacture of a comoound of formula I in which R 7 and R s together reoresent a 
tnmethylene or Tetramethylene grcuo which is substituted by acyiaminc or ir which one -CH-- croup is 
reotacea by -N(acyi)-. acyiating a comDOuna of !he general formula 
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R 8 ' 



| 2 I' T" R? ' 
R l— N CO JCH CH 2 

t R^ \« l» 

wherein n R 1 R 2 . R 3 . R 4 , R 5 , R s and R 5 have the significance given earlier and R 7 and R* together 
represent a trimethylene or tetramethylene group which is substituted by amino or in which one -CH a - 
group is replaced by -NH-, 
and/or 

(I) if desired, separating a mixture of diastereoisomeric racemates into the diastereoiscmenc 
racemates or optically pure diastereoisomers. and/or 

<m) if desired, separating a mixture of diastereoisomers into the optically pure diasterecisomers. 

and/or 

(n) if desired, converting a compound of formula I obtained into a pharmaceuticaily acceptable acid 
addition salt. 

The reaction of a compound of formula II with an acid of formula III in accordance with embodiment (a) 
of the process can be carried out in accordance with methods known per se in peptide cnemistry. Thus, 
when an acid of formula III is used, the reaction is preferably carried out in the presence of a condensation 
agent such as hydroxybenzotriazole and dicyclohexylcarbodiimide. This reaction is conveniently carried out 
in an inert organic solvent such as an ether (e.g. diethyl ether, tetrahydro furan etc) or dimethyltormam.de at 
a low temperature, suitably at about -10* C to +5*C and especially at about 0 C. Suitable reactive 
derivatives of acids of formula III which can be used are. for example, the corresponding acid hahdes (e.g. 
acid chlorides), acid anhydrides, mixed anhydrides, activated esters etc. When a reactive derivative is used, 
the reaction is conven.ently carried out in an inert organic solvent such as a haiogenated aliphatic 
hydrocarbon (e.g. dichloromethane etc) or an ether (e.g. diethyl ether, tetrahydrofuran etc) and. where 
appropriate, in the presence or an organic base (e.g. N-ethylmorphoiine. diisopropyiethylamine etc) at a low 
temperature, suitably at about *10' C to +5* C and especially at about 0 C. 

The reduction of a comoound of formula I in which R 5 and R 6 together reoresent oxo m accordance 
with embodiment (b) of the process can be carried out according to methods known oer se for the reduction 
of a carbony' group to a hydroxy group. Thus, for example, the reduction can be carnec out using a 
complex metal hydride such as ?n alkali metal borohydride. especially sodium borohvoriae. <n an 
appropriate organic solvent such as an aikanol (e.g. methanol, ethanoi. prooanoi. .sooropano- etc). Conve- 
niently, the reduction is carried out at about room temperature. 

In accordance with embodiment (c) of the process, suitable agents which yield an alkanoyi. cycloalkyl- 
carbonyl. aralkanoyl. aroyi. heterocyclylcarbonyl. alkylsulphonyl. annamoyl ?r a-aral- 
koxycarbonylammoalkanoyl group are the corresponding acids or reactive derivatives thereof such as the 
corresponding acid halides (e.g. ac;d chlorides), ac.d anhydrides, mixed annydrides. activated esters etc 
and suitable agents wh.ch form a cyclic <m.de group of formula (a) neremoefore are compounds of the 
formula HOCC-P-Q-COOAraikyl .n which P and Q have the significance given earlier. The reaction of a 
compound of formula IV with the aforementioned agents is earned out in the same manner as that 
described earlier in connection with emoodiment (a) of the process, m the reaction of a comoound of 
formula IV with a comoouno of the formula HOOC-P-0-COOAralkyi. the initially formeo reaction product 
spontaneously loses a molecule of aralkanol (HO-Aralkyl) with :he formation of the cyclic im.de group. 

The reaction of a compound of formula IV with a comoounc of formula V m accxraance with 
embodiment td) of the process can be earned out m a manner known oer se. Thus. :r<? reaction is 
conveniently earned out m an inert organic solvent such as a haiogenated aliphatic hvdrccarbon (e.g. 
dichloromethane etc) at a temperature between about 0*C ana room temoerature. preferably at room 
temoerature. 

the ox.oation m accorcance with embcaiments (e). (h. tg) *nc fh» o; T.e process car. -e earned cut 
accoraing ;o known procedures. The oxidaticn is preferably earned out using an organic c:-:acia such as 
oeracetrc acid, cerbenzoic 3c:c. a haiooeroenzoic acid such as m-cr.'crooeroenzoic aac. re'cmnahc acid or 
the like, although it can aiso r:e earned cut using hydrogen cerctide. 7 "~? oxioation is conveniently earned 
out m the presence of an o-can.c solvent which ts inert u:-.:«r r.e ^'•"■m conaitions. ''or example an 
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aikenoi such as methanol, ethanot ate. a hatogenated hydrocart>on such as methylene chtonde etc. and mo 
tike. The oxidation can be carried out within a w*Je temperature range, for exampte a range between aoout 
•70* C and about room temperature. 

The catalytic hydrogenation in accordance with embodiment (i) of the process can be earned out in a 

s known manner. Conveniently, the catalytic hydrogenebon is earned out in the presence of a noble metal 
catalyst, preferably a palladium catalyst such as paJladium-oo-caroon, and in an inert organic solvent (e.g. 
an alkano! such as ethanol. isoprooanol etc) at about room temperature and .under atmospheric oressure. 
When a compound of formula I in which R 1 represents nrtro-substituted cinnamoyl and R 2 represents 
hydrogen is catafytically hydrogenated according to this embodiment, then there is obtained a comoound of 

ro formula I in which R 1 represents amino-substituted hydrocinnamoyi and R 2 represents hydrogen. 

Embodiment (j) of the process can be carried out using a strong inorganic acid, for example a 
hydrohalic acid such as hydrogen cnioride or hydrogen bromide, or a strong organic acid, for example a 
haiogenated aikanecarboxylic acid such as trifluoroacetic acid and the like. This embodiment can be carried 
out according to known procedures: for example in the presence or absence of an inert organic solvent (e.g. 

is an aikanecarboxylic acid ester such as ethyl acetate etc) and at a temperature between about 0 * C and 
about room temperature, preferably at about room temperature. 

The acyiation of a compound of formula VI in accordance with embodiment (k) of the process can be 
earned out according to methods known per se. Conveniently, the acyiation is carried out using an acyl 
halide such as an acyl chloride or bromide in the presence of an inert organic solvent such as 

20 dimethytformamide etc and at a temperature between about 0 " C and room temperature. In place of an acid 
halide there can. of course, also be used a different reactive acid derivative such as an acid anhydride or 
the like. 

The optional separations in accordance with embodiments (I) and (m) of the process can be effected 
according to conventional methods; for example, by column chromatography, thin-layer chromatography. 
25 high pressure liquid chromatography etc. 

The conversion of a compound of formula I into a pharmaceutical^ acceptable acid addition -salt in 
accordance with embodiment (n) of the process can be carried out by treating such a compound in a 
conventional manner with an inorganic acid, for example a hydrohalic acid such as hydrochloric acid or 
hydrobromic acid, sulphuric acid, nitric acid, phosphoric acid etc. or with an organic acid such as acetic 
ao acid, citric acid, maieic acid, fumaric acid, tartaric acid, methanesutphonic acid, p-toluenesulphonic acid etc. 

The compounds of formula II which are used as starting materials in embodiment (a) of the process are 
novel and also form an obiect of the oresent invention. 

The compounds of formula II can be prepared, for example, by reacting a compound of the general 
formula 



35 



R 4 

I 

/ / CH \ /- CH 2 _X VII 



R 14 — HN C 



wherein R* has the significance given earlier. R 1 * represents 2.n amtno-orotectmg grouo (e.g. 
tert.butoxycarbonyl or benzYioxycaroonyl) and X reoresents a chlorine or bromine atom, 
with a compound of the general fcrnuia 
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\ X VIII 
CH 
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whereto R'. R* and R* have the significance given earlier. 

and erther ctaavmg off the group R" trom the resulting compound of tne general formula 






CH, N 




CH 




IX 




wherein R\ R 7 . R«. R* and R u have the significance given eariier. 

to give a compound of formula il in which R 5 and R« together represent oxo or reducing the compound of 
formula IX and cleaving off the group R u from the resulting compound of the general formula 




H OH 



X 



wherein RV R ; . R*. R 5 and R t4 have the significance given earlier. 

to give a compound of formula II in which R 5 represents hydrogen and R ft represents hydroxy. 

The reaction of a compound of formula VII. preferably one in which R 1 * represents b9nzyioxycarbonyl, 
with a compound of formula VIII can be carried out in a known manner: for example, in an inert organic 
solvent such as a haJogenated aliphatic hydrocarbon (e.g. dichloromethane etc) and in the presence of a 
base (e.g. a trialkylamine such as triethylamine etc), conveniently at about room temperature. 

The cleavage of the group R M from a compound of formula IX C3n also be carried cut in a known 
manner; for example, using a strong inorganic acid such as a hydrohalic acid or a strong organic acid (e.g. 
trifluoroacetic acid etc), conveniently at about O'C to about room temperature. Alternatively, a 
hydrogenolytically-cteavable amino-protecting grouo R 1 * can be cleaved off using hydrogen in the presence 
of a noble-metai catalyst (e.g. a palladium catalyst such as palladium -on-carbon) in an organic solvent or 
solvent mixture which is inert under the reaction conditions (e.g. an alkanol such as ethanol. isopropanol etc. 
an alkanecarDoxylic acid ester such as ethyl acetate, etc) and conveniently at about room temoerature. 

The reduction of a compound of formula IX to give a comoound of formula X can t-e carried out as 
describee earlier in connection with the reduction of a compound of formula I in which n stands for zero and 
R 5 and R 4 together represent oxo in accoraance with embodiment (b) of the process of the invention. 

The cleavage of the group R M from a compound of formula X can be carneo cut in a manner 
analogous to that described earlier in connection with the cleavage of the group R' 4 frorr. a compound of 
formula IX. 

A further method for the preparation of compounds of formula tl in which R 5 reoresents hyorogen and 
R 6 represents hydroxy comprises firstly reacting a compound of the general formula 





xr 




^ptitcance given earlier. 
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wrtti a compound of formut* VIM hereinbefore, convenientty in an inert organ* solvent such as an atkand 
(e.g. methanol etc), dimethyrformam»de or the like and at an elevated temperatur . conveniemty at a>out 
60 C to about 120* C. and then cleaving off the group R ,A in the reaction product (a compound of formula 
X hereinbefore) as described earlier. 

The compounds of formula IV which ar used as starting materials in embodiments (c) and (d) of the 
process are novel and form a further object of th present invention. 

The compounds of formula IV can be prepared, for example, by cleaving off the benzvtoxycarfconyl or 
tert.butoxycarbonyl group fV from a compound of formula I in which n stands for zero. FT represents 
benzytoxycarbonyl or tert.butoxycarbonyl and R 2 represents hydrogen. This cleavage is earned cut in a 
manner analogous to that described earlier in connection with the cleavage of the group R' 1 from a 
compound of formula IX. . 

The compounds of formula VI wherein R 7 and R 6 together reoresent a trimethyiene or tetram ethylene 
group in which one -CH 2 - group is reolaced by -NH-. which are used as starting materials in embodiment 
(k) of the process, are a sub-group of compounds of formula I. The compounds of formula VI wherein R 7 
and R a together represent a trimethyiene or tetramethylene group which is substituted by amino, which are 
also used as starting materials in embodiment (k) of the process, are novel and also form an object cf the 
present invention. They can be prepared, for example, by cleaving off the alkoxycarbonyl group from a 
compound of formula I in which R ; and R f together represent a trimethyiene or tetramethylene group which 
is substituted by alkoxycarbonylamino. The cleavage can be carried out according to conventional 
procedures: for example, by treatment with an acid such as a hydrogen haiide (e.g. hydrogen chloride) in 
an inert organic solvent (e.g. an alkanecartwxylic acid ester such as ethyl acetate etc). 

The starting materials of formula III and their reactive derivatives, the starting materials of formuia V as 
well as the compounds of formulae Vll, VIII and XI hereinbefore, insofar as they are not known compounds 
or analogues of known compounds, can be prepared in a similar manner to the known compounds or as 
described in the Examples hereinafter or in analogy thereto. Moreover, the agents used in embodiment (c) 
of the process are generally known compounds. 

As mentioned earlier, the compounds of formula I and their pharmaceutically acceptable acid addition 
salts inhibit proteases of viral origin and are useful in the treatment or prophylaxis of viral infections, 
particularly of infections caused by HIV and other retroid viruses. 

The in vitro inhibition of HIV protease Dy the compounds provided by the present invention can be 
demonstrated by means of the following test: 

HIV protease was expressed in E. coli and partially purified from soluble extracts of the bacterium ty 
ammonium sulohate fractionation (0-30%). Protease activity was assayed using the protected hexapeotide 
succinyl-Ser-Leu-Asn-Tyr-Pro-iie isobutyiamtde as the substrate. Cleavage of the substrate was quantifiea 
by measuring the oroduction of H-Pro-ile isobutylamide by the spectrophotometnc assay cf N-terminal 
proline. 

1.25 mM of substrate were dissolved in 1 25 mM of citrate buffer ipH 5.5) containing 0.125 mg/ml of 
Tween 20. 10 ui of a solution of various concentrations of the test compound (dissolved in methanol or 
dimethyl sulohoxioe and diluted with water containing 0.1% Tween 20) and 10 ui of protease were acded to 
80 ul of the aoove ourfered suostrate. Digestion was carried out at 37 C for a fixed period of time and was 
terminated by the addition of 1 ™i of colour reagent (30 ug-mi of isatin and 1.5 mg/ml of 2-(4- 
chlorobenzoyObenzoic acid m i0% acetone »n ethanol (vol.. vol.)). The solution was heated in a water bath 
and then the pigmented restaues were re-dissolved m i ml of i% oyrogatlol in 33% water in acetone 
(wt. vol. /vol.). The ootical density of the solution was measured sDectroohotometrtcally at 599 nm. The 
formation of H-Pro-He isobutyiamioe m the presence of the test comoound was compared with controls and 
the concentration cf test compound reauired to give 50% inhibition M« c ) was determined by means of a 
graph plotted from the various concentrations of test comoound used. 

The results ootained m the foregoing test using representative comoounds of formula I as the test 
compound are comoiied tn the following Table. 
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Tab* 



r-r — T 

Compound j 


i m ki\l 
Ho (UM)| 


A 


0.87 


B 


0.15 


C 


U.J 


0 


0.13 


E 


0.75 


F 


0.75 


G 


0.08 


H 


0.01 


1 


0.085 



ester. 



tert.butyl ester. a.naraainvlteminol-ZfRVhydroxy-A-ohenylb'Jtyll-N- 
Compound I: 2-{3(SH[N-(BenzyloxycarbonyiVL-asparag.nyiiam.no|^ 

tert.butyl-1.2.3.4-tetrahydro-3(R.SVisoqu.no.inecarboxam.de. 

^■compounds a, formula . and the.r - 
.advents (e.g. in the term o. pharmaceutical P^^J 1 ^^^*.^. hard and soft 
administered enteral such as orally (e.g. .n the .o- ° s . c a ted ^g ^ ^ 

intramuscularly or .mravenous.y (eg. .n >he iorm o, in*** , ,«ut,or» . ^ q( 

For the manufacture of tablets, coated tablets. ■ **?*°>J n ° 9 Drocessec) w .th pharmaceutical^ 

!ormu ,a , and their pnarmaceut.ca.ly ^ e aod ;= ^^ (hefe0 , talc . stearic acid or ,ts 

inert, morgamc or organ.c e«:o.ents. Lactose, ma ze cacsules. 

safts etc can be use. for example, as such 0 ils waxes, fats, sem, solid 

Suitable excio.ents lor son gelanne caosu.es are. .or example. ^egetao 

1 and liquid polyols etc. W(UDS , ro f 0r example. w?.;ar. polyols. 

Suitable exc.pients for r-e manufacture of so.ut.ons and sy-ups a... 

saccharose, invert sugar, giuccse etc. s g.ycerol. vegetable 

Suitable exc.pients for miction solutions are. for example. 

oils etc. , mr .i B natural or 'n a rd°ned oils, waxes, fats, semi-liquid 

Suitable extents for sucoos.ior.es are. for example, natural or 

T^'can a,so .:on,a.'n s.,' rrr ,hera.oeu„ca,.y -'^^"^ _ _ n3ffI , acei , IC3!;V ,^otab,e acd 

m accordance w-th the -.^tton me compounds J .ormuia , •• • • » .. r ., trevira i 

addition S3! ts can be usee , the treatment or c-oohyfax.s * • - ..on. , . 

r-- a r , enra -irv within wide ! "^=:s and . • ■■ 
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' requirements in each particular case. In general, in me case of oral administration there should surf.ce a 
dairy dosage of about 3 mg to about 3 g. pr fetaWy about 10 mg to about i g (e.g. approximately 300 mg 
per person), divided in preferably 1-3 unit doses, which can. for xampte. be of the same amount, it wiii, 
however, be appreciated mat tn upper limit given above can oe exceeded when this is found to be 
s indicated. 

The following Examples illustrate th pr sent invention. The solvent systems referred to in these 
Examples are as follows: 

System A: 5% methanol in chloroform 

System B: 10% methanol in chloroform 
to System C: chloroform: methanol: acetic acid: water (120:15:3:2) 

System 0: chloroform: methanol: acetic acid: water (90:15:3:2) 

System E: chloroform: methanol: acetic acid: water (60:18:2:3) 

System F: chloroform: methanol: acetic acid: water (240:24:3:2) 

System G: dichloromethane: methanol: acetic acid: water (120:15:3:2) 
is System H: diethyl ether n-hexane: methanol (47.5:47.5:5) 

System I: dichloromethane: methanol: acetic acid: water (60:18:2:3) 

System J: dichloromethane: methanol: acetic acid: water (120:15:2:3). 



20 



25 



35 



Example t 



0.5 g (1.07 mmol) of N-{[N-(benzyloxycarbonyl)-L-phenylalanyl]methy(]-L*proiine tert.butyi ester was 
dissolved in 50 ml of isopropanol and 5 ml of ethyl acetate and hydrogenated for 5 hours in the presence of 
0.406 g (2.14 mmol) of toluene-4-sulphonic acid and 50 mg of 5% palladium-on-carbon. The catalyst was 
removed by filtration and the filtrate was evaporated. The residue was taken up in 5 ml of dichloromethane 
and 5 ml of dimethylformamide and cooled in an ice/salt bath. 0.285 g (1.07 mmol) of N- 
(benryloxycarbonyl)-L-asparagine in 25 ml of dimethylformamide was added, followed by 0.145 g (1.07 
30 mmol) of hydroxybenzothazole. 0.221 g (1.07 mmol) of dicyclohexyicarbodiimide and 0.246 g (2.14 mmol) 
of N-ethylmorpholine. The mixture was left to stir overnight, the separated dicyclohexylurea was removed 
by filtration and the filtrate was evaporated to dryness in a vacuum. The resulting dark brown gum was 
partitioned between ethyl acetate and water. The organic phase was washed in sequence with 5% sodium 
bicarbonate solution and saturated sodium chloride solution and then dried over sodium sulphate. The 
solvent was removed by evaporation and the solid was cnromatographed on silica gel using 5% isoDropanol 
in ethyl acetate for the eiution. There was obtained 0.125 g of N-[N-([N-(benzylO)cycarbonyl)-L-asparaQinyl]- 
L-phenylalanyl]methyl)-L-proiine tert.butyi ester as a oa!e yellow solid. 



j Analysis for: 


C 3 


1H40N 


iO? (580.691. 


t 

| Calculated: 


C. 


64.12; 


H. 6 94; N. 9.65% 


! Found: 


c. 


53.18: 


H. 6 79: N, 9.8%: ash 1 .2% 


| Ash*free: 


c. 


63.91: 


H. 6.37: N. 9.92%. 



-5 The N-([N-(benzyloxycarbonyi)-L-ohenylalanyt]methyl]-L*proline tert.butyi ester used as the starting 
material was preparea by stirring 0.77 g of [N-(b9nzyloxycarbonyl)-L-phenylalanyl)methyl bromide with 0.35 
g of L-proline tert.butyi ester and 0.203 g of tnethyiamme m 15 ml of dichloromethane at room temoerature 
overnight. The solvent was removed by evaooration and the crude oroduct was chromatogranhed or silica 
gel using chloroform for the eiution to give 0.65 g o^N-[[N-(benzy!oxycaroonyl)-L-phenylalanyi;..-r : ethy!!-L- 

so proline tert.butyi ester as a solid cf r~eiting point 98-99 C. 

E.xamoie 2 



' 5 g i3.22 mmoi: : ; N-rtNM'benzyloxvcarbonylK'Ohenylalanvi'-atnv - .xoune tel. Duty: 
hydrogenated in 10 mi r etnyl acetate and 5 mt of isooroDanoi ^ "r?se"rc c .f O.'S g of 5"'- serm- 
on -carbon ana i .223 c mmoh of toluene-4-sulononic acid ?.r>.: :r- ~'?0"C! -.vas ceuoiec! - ' 2-'- n 
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(3.27 mmoO ol ^N-<b««Ylo»yc^y.H^^ 

hy*c*yW*»tna«*. 0.87S 0 (377 mmo!) of dk^tor^lc«ft»<*«TW* and 0.753 g (8.55 mmc.) ol H- 
.^mo^Tir. an analogous manner to that deaeritod in Exampte 1. After wortong-up mere was 
chained 0 34 o o( 8 solid which was chromatography on silica gel using 5% .sopropanoi .n d.ch- 
Sometfian. for the ehrtion. Thar, were obtained 310 mg o» NKI^r^NHbenxyloxycartxxiyiy-t-loucyi.] L- 
asoaraairivlR-phe<Tylaiar^l)methylK-P'oline tertbutyl ester MS: rrve 694 (M ♦ H] 

The ^H^Hb^ioxycartxx ^ yl>-L-^e 0 ^t^L-a S o«rBg,fy S used as the starting material was prepared as 

4 5 g (124 mmoO of N-<ben2yloxycarbonyl>-L-leucine succinimide ester were dissofved in 40 ml of 
dimethylformamide and the solution was cooled in an ice/salt bath. A solution of 1.64 g (12.4 mmol) of l- 
asparagine in 3.1 ml (12.4 mmol) of 4M sodium hydroxide solution were added and subsequently 2 g (24.8 
mmol) of sodium bicarbonate were added. The mixture was stirred at room temperature for 18 hours. The 
solvent was removed by evaporation and the residue was taken up in 1 00 ml of water. The pH w*s adiusted 
to about 95 with 2M sodium hydroxide solution and the mixture was extracted twice with 25 ml of diethyl 
ether each time. The pH of the aqueous solution was adjusted to 2.5 with 3M hydrochloric acid. The solid 
crystalline product which separated from the solution was filtered off. washed with diethyl ether ar1 dned. 
There were obtained 3.5 g of N-[N-(benryloxycarbonyl)-L-leucylH.-asparagine. 



23 





Analysis tor: 


C,«H 25 N 3 Ck (379.42). 


20 


Calculated: 


C. 56.98; H, 6.64: N. 11.07% 




Found: 


C. 56.78: H, 8.62; N. 11.05%. 



Example 3 



0 71 g (1 52 mmol) of N-[[N-<ben2ytoxycarbonyl>.L-pheny(alanyl]methyl}-U-proline tert.butyl ester was 
» hydrogenated in the presence of 0.58 g (3.05 mmol) of toluene-4-sulphonic acid over 5% paliad.unvon- 
carbon and the product was coupled with 0.35 g (1.52 mmol) of N-(4^ethylvaleryl)-l-asparag.ne in an 
analogous manner to that described in Example 1. The crude product was purified by chromatography on 
silica gel using isopropanol in ethyl acetate (5%-8% gradient) for the etution. There was obtained 0.23 g of 
N . ((N ^ N .(4.methylvaleryl)-L-asparaginyl]-L*ohenylalanyl]methyl]-L-proline tert.butyl ester as a sclid. MS: 

m/e 545 [M + H]\ 

The N-<4-methy!valeryiK-asoaragine used as tha starting material was prepared as follows: 
5 35 g (25 mmol) of 4-methylvaleric acid sucanim.de ester were d.ssolved in 40 ml of dimethylformamide 
and the solution was added to a solution, cooled .n ice. of 3.3 g (25 mmol) of L-asparagine .n 6.25 ml (25 
mmol) of 4M soa.um hvdrox.de solution and 5 ml of dimethvlformam.ee. 5.5 g (65 mmoi) ci sodium 
bicarbonate were added and the mixture was stirred at room temoerature for 18 hours. The solvent was 
removed by evaooration and the residue was taken uo in 100 ml of water. The pH was aaiustec to 3 with 
4M hydrochloric acid. The solvent was men removed by evaoorat.on and the residue was taken ud m 
methanol Insoluble material was removed by filtration and the solvent was removed by evaooration. The 
crude oroduct was chromatographed on silica gel using System 0 for the elut.on. There were obtained 900 
J 5 mg of N-<4-methyivaieryi)-L-asDaragine as a solid: Rf (System 0): 0.25. 

Example 4 



50 



in an analogous manner to that described in Examole l. but using N-(!ert.butoxycarDcny.)-L-asparagine 
in place of N-fbenzvloxycarbonylM-asoarag.ne there was cbtameo N-fN-([N.(tert.Dutoxycaroon Y IK- 
i-L-phenylaianyl]methyl]-L-proline tert.butyl ester in the form a solid: MS: m e 346 [M] . 



asoaractrvi; 



Examole 5 
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1.3 Q {2.79 mmoO of N-{[hHb*<uytoxYcart>onylK-p«e^yW tert.tuiyl ester was 

hydrogenated in a mixture of 10 ml of etnyi acetate and 10 ml of isopropyt alcohol in the presence ol 0.39 g 
of 5% paJladum-on-cart>on and 1.06 g (5.58 mmol) of toluene-4-sulphonic acid and ma product was 
couoted with 0.62 g (2.78 mmol) of N-<ben2yloxycarbonyiK-alanine in the presence of 0.572 g (2.73 mmol) 
of dicyctohexyicartwdiimid . 0.375 g (2.78 mm I) of hydroxybenzotria2oie and 0.64 g (5.57 mmol) of N- 
ethylmorphoNne in a manner analogous to that described in Exampl 1. Aft r working-op and chromatog- 
raphy on silica gel using 3% isopropanol in dichloromethane for the eiution there was obtained 0.55 g of 
[W*Hbenzytoxycartx>nyl>-L-alanyl}-L-ph tert.butyl ester as a solid: MS: m/e 

538[M + H]\ 



Example 6 



In a manner analogous to that described in Example 1. from N-([N-<benzyioxycarbonyiK-phenyiatanyi|- 
methyl}-L-proline tert.butyl ester and N-(benzyloxycarbonyl)-L-glutamine there was obtained N-[[N-[N- 
(benzyloxycar*vinyl^L-glutaminy(}-L-phenylalanyl]methylK-proiine tert.butyl ester: MS: m/e 595 (M ♦ H] \ 



Example 7 



0.45 g (0.77 mmol) of N-(N-{(N-(benzyloxycarbonyl)-L-asparaginyiJ-L-ohenylalanyllmethyl]-L-Droline 
tert.butyl ester, propared as described in Example 1 . was dissolved in 1 0 ml of isopropanol and the solution 
was stirred at room temperature for 45 minutes in the presence of 0.075 g (1.98 mmol) of sodium 
borohydride. The solvent was removed by evaporation and the residue was taken up in 50 ml of ethyl 
acetate and washed in sequence with water and saturated sodium chloride solution. After drying over 
sodium sulphate and evaporation there was obtained 0.43 g of a solid which was chromatogr apnea on silica 
gel using 2% methanol in dichloromethane for the eiution. There were obtained 80 mg of N-{3(S)-{[N- 
(benzyloxycartX)nyl)-L-asparaginyl)amino)-2(S)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester as a solid: 
Rf (System B): 0.38: MS: nve 583 (M + H]\ 

Further eiution of the column with 5% methanol in dichloromethane yielded 70 mg of N-[3(S)-{[N- 
(r^n2yloxycarbonyl)-L-asoaraginyl]amino)-2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl es:sr as a solid: 
Rf (System B): 0.23: MS: m/e 583 [M + H]\ 



Example 8 



0.3 g (0.45 mmol) of N-[[N-[N-fN-(benzyloxycarbonyl)-L-leucyl)-L-asoaraginyl]-L-ohenyialanyiimethyl]-L- 
proline tert.butyl ester, prepared as aescribed in Example 2. in to ml of isoDrooanoi was treated at room 
temperature with *0 mg (1.06 mmoli of sodium boronydride. After 1 hour the mixture was worked-uo as 
described in ExamDle 7. There was retained 0.32 g of a solid which was chromatographed on sihca gel 
using 3% meinanol tn dichloromethane for the eiution. There were obtained 90 mg of N-[3(S)-[[N-(N- 
(benzyloxycarbony()-L-leucyi]-L-asDaraginyl]amino]-2(R or S)-hydroxy-4-phenyibutyl]-L-oroiine tert.butyl es- 
ter (isomer 1) as a solid: Rf (System A): 0.26; MS: m/e 696 [M+H]' 

Further eiution of the column with 5% methanol m dichloromethane yielded 70 mg zi i\*-r3fSH[N-[N- 
(benzyloxycarbcnyl)-L-!eucyll-L-asDaragtnyl)amino)-2(R or S)-hyaroxy--i-ohenytbutyl]-L*oroiine tert.butyl es- 
ter (isomer 2) as a solid: Rf (System Av 0.19: MS: m.e 696 [M + H]\ 



Examole 9 



0.18 g 0.33 mmol) cr N-(N-M-methylvaieryi)-l-asDaraginy :;-L-pnenyialanyi 1m =:r.y:!-L-crcline 
tert.butyl ester, ere oared as oesc::boa in Example 3. was reduced ^h 30 mg (0.S0 -.r.rr.r.w <:f ^oatum 
borohyande m :0 ml of isoorosar.o! as described in Examole 7. The re?'.;itirg two isomers c; M-.'2:R or 5)- 
hydroxy-.2f*S'-"N , -Mw7ie , .hy'\-aierv:\-L-?.-r3raginyl]aminoi*^-ohenyibuty:l '. ■>--yr3 tert.bu:-.'! Of - ' v?rc- £~o=- 
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rated by chromatography on s.Uca g* using metfianol m chloroform (5".-8% gradient) lor m union There 
wore obtained 33 mg of isomer 1 in the form of > solid: Rf (System 6): 0.2: MS: m/e 547 [M ♦ HI* and 27 
mo, of isomer 2 In the form of a solid: Rf (System B>: 0.15: MS: m/e 547 [M*H]\ 



Example 10 



0.6 g (1.1 mmol) of ^N-{[N-<tert.butoxycarD©nylK-a3oar^ 

^1 PrePare<3 " d8SCribed Examp,e *■ was with 0.1 g (2.65 mmol) of sodium 

borohydnde in 10 ml of isopropanol as described in Example 7. The two isomers were separated by 

n^S^. 0 " ^V,'^ Sy3tem C "* e,U,i0n - Thefe WW8 o^ned 1 15 mg of isomer i of N- 
3(SHIN^ < tert.butoxyc^rbonylK.as P ar 8 g I nylIaminoh2(R or SW, y droxy-4-phenylbutyl}.|.-proline .ert.butyl es- 

„ T^-TVTf 3 c 2l ,tom ° ,: ° 23: ^ m/ " 549 [M 100 "* Of isomer 2 in me form of 

'5 a solid: Rf (System 0): 0.15: MS: m/e 549 (M *H] 



Example 1 1 



es ,er nr B 9 Jr«T, 7 ° "l^"" I ^^'^^'^-^y'H-phenylalany.JmethylhL-proiine tert.buty. 
ri Tl h .T'^ Exam ° ,e 5 ' WM r " ducad in 15 ml °' ^opropano. in the presence of 80 mo 
of sod.um borohydnde as described in Example 7. After working-up the two isomers were seoarated by 

* nTswrN 0 ^ y , °" S "!^ 901 , USi ? 9 SyStem A '° r me e ' U,iCn - ^ were 70 «"Q «" isomer , of N- 

h 3 ' S 2^ n ^ ,0 ^"V'>- L - a ^yn^inoh2(R or Shhydroxy-^heny.buty.K-proline .ert.butyl ester in 



Examole 12 



terthur!, «J ""I 00 °' N - aN - (N - (benzvlox ^ bon y | )- L ^ l "^inyl]-L.phen y ,alan y l]methy ( ]-L-prolin 9 
T^ I T'J^T " deSC " bea ExamD ' e 6 - W3S r8dUC6d ' 5 ml °' iso P r °P an °' - the presence 
r on „L a „^ V ,r e " dWCnb,d EX3mP,e 7 A,,er WOrkin °- U0 ' th0 P«*«* »« chimMog. 

of S ?,J 1 9 m9,han °' " Cr "° ,0,0rm '° r ,he 9,U,i0n ThSre were ob,a "^ 60 mg of isomer 
of N- { 3(S)-((N- ( be n zy,o,yc a rbon y ,K.g,u,am,nyl|amino)-2(R or S>-h y drox y .4. P hen y ,bu t yV-proline 
ert.bu.yl ester ,n ,he form 0 . a solid: Rf (System B): 0.37: MS: m/e 597 [M ♦ H,\ and 65 mo of 4me rTin 
the form of a solid: Rf (System 8): 0.25: MS- me 597 [M * H)V 



Examole 13 



J5 >„ h 3 , M (5 ' 2 ,' nm0 " °' N: - ::< -! 3l5, -f henz VlOx y iormam,do)-2(R ana Si-hydro*y.4.phenv! CU ;yl) L-crolyll-N'- 

T^l^TzTo^ 00 7* t3ken U ° " °' 9,hVl 3Ce,a,e ^ '° m ' °' -ProoanoVand hyjr ge- 
nated over 0.3 g of 5% oaiiaoiurrvon-caroon for 5 hours ,n the presence of I 97 g 00 .36 mmol) of toluene- 

oTTLT 9 Ca,a ' YS! "" erea U " ' he ,i,,ra * 6 * aS 9va00ra ' M - Th * "»* ob t a,r.ed 1 Zd 
over ohosohorus pentose unoer a n,gn vacuum ano couolea w„h ,.48 g ,5.57 mmoi) of N 

m'ZT^sTT 1 '^' 3 -^ " anal09 ° US mann6r '° »« aeSCriC - in « g '. crude 

A , , S H[N' !ben 2 yloxycar S onv.)-L-asoarg.ny.]am.no|-2(R ano Sr-hydrcxy-A-ohenylbulvlK-nrolyll-N'. 
: obu.yl-Usoleuc.nam.de w„ 9 ,o.a,neo as a so..d. The two ,somers w,r 8 seoarated by chromUgraphv on 

55 MsTe 695 J M I ^ 9 ;M * K? ° 55 ' SOmer 2 - ^ a *°.,d: ™ <3vs,m R: 0,1: 

The . N--f N.{3{S5--benr.- : .v t cmam.ooi-2(n ano S)-hyo.'^v4..T.-...fcutyi|.L.c">'-- ' .>r-.. v i , 
'SOieuc:nam.de useo as tre ra--o matenai was oreoared as follow.: ' " ' 

n :] 9 
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(i) A lokibon of 20.0 g of N-<benzy*oxYcartonvlKH»oi6ocifte and 9.8 ml of N-^mytmorpnoiinc in 4C0 
ml of totraftydrofuran waa cooled to *20 * C and 9.8 ml of isobutyl chkxoformate were added dropwise. The 
mixture waa stirred for 5 minutes and then 5.52 g of isobutyiamine were added dropwise. The mixture was 
stirred at -15* C for 20 minutes and was then allowed to warm to room temperature. 20 ml of water wer 

s added and the solution was then evaporated to dryness. Th residue was partitioned between 200 ml of 
water and 800 ml of ethyl acetate and the organic solution was washed with 200 ml of 5% citric acid 
solution. 200 ml of saturated sodium bicarbonate solution and 200 ml of water, dried over sodium sulphate 
and evaporated to dryness. The residue was triturated with diethyl ether to give 18.2 g of N 2 - 
(benr/toxy<an^ylhNNsobutyK-iso(eucinamtde which was used in the next step without furthsr purifica- 

io tion. 

(ii) A solution of 18.0 g of the above product in 200 ml of ethanol was hydrogenated over 1.0 g of 
10% palladium-on-carbon for 5 hours. The catalyst was removed by filtration and the filtrate was 
evaporated to give 9.8 g of NP-isobutyl-L-isoleucinamide as a colourless oil which was used directly in the 
next step. 

is (tii) A solution of 17.3 g of N-fbenzyloxycarbonylH.-proline succinimide ester and 9.35 g of N 1 - 

isobutyl-l-isoleucinamide in 120 ml of tetrahydrofuran was stirred at room temperature overnight. The 
solvent was removed by evaporation and the residue was partitioned between 200 ml of ethyl acetate and 
250 ml of 5% citric acid solution. The organic solution was dried over anhydrous sodium sulphate and 
evaporated to dryness. The residue was recrystallized from a mixture of ethyl acetate and n-hexane to give 

20 13.6 g of N 2 -{N-benzyloxycartx)nylhL-prolyihN'-isobutyl-L-isoleucinaniide as a white solid of melting point 
87-88' C. 

(iv) A solution of 13.6 g of the above product in 500 ml of ethanol was hydrogenated over 10% 
palladium-on-carbon for 2 hours. The catalyst was removed by filtration and the filtrate was evaoorated to 
give 9.10 g of r^-L-proiyl-NMsobutyl-L-isoieucinamide as a colourless oil which was used without further 

25 purification. 

(v) A solution of 8.86 g of [N-{ben2yloxycarbonyl>-L-phenylaianyl]methyl bromioe 6.71 g of N 2 -L* 
prolyl-N'-isobutyK-isoieuctnamide and 2.60 g of triethylamine in 400 ml of dichloromethane was stirred at 
room temperature overnight. The solvent was removed by evaporation and the crude product was 
chromatography on silica gel using ethyl acetate for the elutton. The resulting product was triturated with a 

30 mixture of petroleum ether (b.p. 40-60 ' C) and ethyl acetate to give 8.70 g o; N 2 -(N-[[N- 
(benzyloxycarbonyO-L-phenyialanyllrnethyll-L-prolyll-N'-isobutyl-L-isoleucinamide as an off-white solid of 
m.p. 80-81 * C. 

(vi) A solution of 3.5 g of N 2 -{[N-(benzyioxycarbonyl)-L-phenylalanyl]methyl]-L-proly!]-N*-isobutyl-L- 
isoleucinamide in 200 ml of ethanol was treated with 1 .0 g of sodium borohydride in a manner ^r.alogous to 

35 that described in Example 7 to give 7.1 g of N 2 -{N-[3(S)-(ben2y!oxyformamido)-2{R and S)-hydroxy-4- 
phenyibutyl]-L-proiyl]-N^sobutyl-l-isoieucinamide. 



Analysis for: j CurUsNtOs. 0.5 H2O. 
Calculated: ; C. 57.21 ; H. 8.37. N 9. SOS 
Found: j C. 67.29: H, 8.31: N, 9.47% 



•15 

Example 14 



0.78 g (1.34 mmol) of N r -f N-[3(S)-ibenzyloxvformamiao)-2(R anc 3*-hydroxy-4-pheny!L**j!v!]-L-prolyl]- 
50 N'-isobutyl-L-isoteucmamide was hyarogenateo and the product was ccucted with 0.53 g (1.23 r^r-oil of N- 
[N-(benzyloxycarbonyl)-L-ieucy!)-L-asDaragino in an analogous manner '.o :hat described in E.rampie 1. 1.1 
g of cruoe N 2 -fN-[3(S)-[[^^fN-^benzylo>(ycarDonyl)-L*!eucyf^L-asDarac^nyi]annlno^2fR anc ^^-hydroxy-4- 
phenyibuty'i-L-orciyil-N'-isobutvi-L-soieucinamide were obtained as 3 rr-i'd Ts e two isomer -vore seoa- 
rated by chromaiograpny cn silica gel using System F for the eiutior.. """ere ^ere octamea f ;0 ^: of isomer 
-5 1 \c the ( erm o' a send: Rf 'System CV 0.34: MS: m-e 808 [M] . a.-; f? —,g of isomer 2 * ':rrr of ?. 
solid: Rf 'System C) 0.24: MS: m e 803 [M]\ 
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Example 15 



10 



0 275 g (0.473 mmol) of ^WHlN-fl**"**"^^ 

over 50 ma of 5% palladium-on-carbon in the presence of 0.18 g (0.94 mm I) of t tiJ0 ^^f' 
TnTc^ystww filled off and the filtrate was evaporated. The resulting «M was dissolved ^ ,0 m, of 
S^emJand the solution was cooled ,n an K^bath. 50 mg (0.49 mmol) of acett annydndewere 
STSSL by 0,0 g (0.99 mmol, of triethy.amine ahd 0.2 m, 

room temperature for 1 hour. The solvent was removed by evaporation and the residue was camc**w 
S£TZ ace««e and water. The organ* phase was washed with sofubo ^ 

with saturated sodium chloride solution and then dried over anhydrous sod, urn sulphate. ™ e ^ nt «J 
by evaporation to give 35 mg of NH3(SH(N-acet y .-L-asparag,ny.)am,no ) -2(B>-h y0 roxy-4. 
phenylbutylK-proline tert.butyl ester: Rf (System E): 0.28; MS: m/e 491 (M + H] 



15 



X 



Example 16 



35 



1 q (2 14 mmol) of N-{3(S)-(benzyloxy<ormamido>-2-(R and SVhydroxy^phenylbutylH-prolme tert.butyl 
•J I* Ln up in 25 ml of methanol and hydrogenated over 250 mg of 5% paHadium^carbon for 3 
Sr, -n .he presence of 0.81 g (4.26 mmol) of to.uene-4-sulphonic acid. The catalyst was filtered eft and 
tn^ filtrate was evaporated. The result.ng solid was dried over phosphorus pentoxide under a high vacuum 
and then dissolved in 5 ml of totrahydrofuran. 

0 5*9 (2.134 mmol) of N.<*nzy.oxycarbonyl>-L-leucine was taken up in 15 ml of tetrahydro.uran and 
cooled to -IS* C. 0.245 g (2.134 mmol) of N-ethylmorpholine and 0.291 g (2.134 nmol) of .sobutyl 
chloroformate were added. After 5 minutes the tetrahydrofuran solution prepared as described .n the 
p^ious paragraph was added, followed by 0.451 g (4.27 mmol) of N-ethy.morphol.ne. The mixture was 
sttnrt at room temperature for 10 hours, the solvent was then removed by evaporat,on and the res.due was 
Son^twL e^y, acetate and water. The ethy, acetate solution was washed with saturated sod-urn 
Scarbonate solution and with saturated sodium chloride solution and then dned over anhydrous sodium 
Z ^ sotven« was removed under a vacuum to give 1.5 g of crude N ^ S HtN-(ben^ox y c3rbon y .V 
l-.eucv0amino]-2-<R and S)-hydroxy-4-ohenylbutyl]-L-proline tert.butyl ester as an o.l. The two corners 
b chromatography on s,ica ge, using 50 % n-hexane in ethy. acetate fo. the eMicr , Th£ 
were obtained 180 mg of -somer . of N. ( 3(SH[NMben Z y.o X ycarbony0-L-.eucy.lammol-2(R , o Sgyoroxy 4 
P heny.buryll-L-oroline tert.butyl ester as a crystalline matenal: Rf (System A) = 0-34 MS ?ve 5 S2 (M H< . 
and 70 mg of isomer 2 as a crystalline material: Rf (System A): 0.28: MS: ove 582 (M * HJ 

The N-f3(SWbenzyloxvfcrmam,ooi-2(R and S)-hydroxy-4. P henyibutyi)-L-oroline tert.butvl ester used -s 
the startino mate.'al was preparod ?s fct'o^s: 

2 g ,43 mmoll of N-ttN^benzyloxycaroonylK-ohenylamnyHmethyD-L-oroline .eri.bu.yl es.e ' '^eoerec as 
desenbed in Example M were dissolved :n 25 ml of isoorooano.. 25 m. of sthano. and 25 mi ot methanol 
ana the solution was stirred at room temperature for 4 hours ,n the presence of 0.4 g <1C 1.7 ^mmo;, c_ socium 
borohydride. The solvent was removed by evaporation and me residue was oartit.oned between 50 tr of 
emyl a e«a.e ano 25 ml of water. The organ,c phase was washed *„h saturated sod.um ch.or.de solution 
a c dred over anhydrous sod.um sulphate. The solvent was removed by evaoorat.on ano there were 
ob.a.ned 2 g of N-[3(SHbenzy.oxyforrr.am,do,-2(R and S)-hvoro:<v.4. 0 hen y ibutyl]-l- proline tert.Duty. e Sl er 
as a clear gum: Rf (System C): 0.58 ana 0.57. 

Examoie 17 



5 a ,2.;2 mmol) of N-?3tSHbenrvioxv«ormamicol-2(P -l-^-orv-^-ohenyibutv-i-^r-.c^o-^.i.- 
-ronnarr.ide *ere n.varoaenateo .n 25 ml of methanol .n the ~«=-^ r ' •<? g (6.24 .-nm-,, - •■ ;-^ e ~ 
« u ^non,c a.-.c a-d 0 25 c :f 5°'= pailaoium-on-carbon. After 3 -?..<rs ::- :ataiyst was <<::?">?. c an, r 
■i.trate was evaporated to g-e 2.1 g of a soi.d. Th.s solid was zr.n chosor.orus cento*** ^ 
vawurr. ano zoucec witn 0.8 g (3.12 mmoO of N-ibenzyloxycrcc-v -'-asc-aragine >™™™*;^™* 
•r thai descr-oed -n Examce 1. There were obtained ". : " *•' -''•SH.iN-iberz.- ■ 
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MPMQiny11iminoh2(R Of S^ytfrOKy-4-phenYtoutylhN'MSOC^^ as a crude product wfnch 

wm chromatoy ap he d on tibca get u*ng System C foe the ek/txxi. Thee were obtained 80 mg of isomer 1 
as a soW; Rf (System E): 0.58: MS: 596 [M ♦H]*, and 0.25 g of isomer 2 as a solid. Rf (System E): 0.41: 
MS: rrve 596[M*H]\ 

The NH3(SHbenzytoxytormamido)-2(R or SV^ydro)ry^phenylbutylhN^sopenty!-L^iinamid9 used 
as the starting material was preoared as follows: 

(i) A solution of 15.0 g of nHberuytoxycan^ylKiXOiine succinimide ester and 4.15 g of isopen- 
ty (amine in 100 ml of tetrahydrofuran was stirred at room temperature overnight. The solvent was removed 
by evaporation and the residue was taken up in 250 ml of ethyl acetate. The solution was washed with 250 
ml of 5% citric acid solution, two 250 ml portions of saturated sodium bicarbonate solution and 150 ml of 
saturated sodium chloride solution, dried over anhydrous sodium sulphate and evaporated to dryness. The 
residue was recrystailized from a mixture of ethyl acetate and n-hexane to give 11.1 g of N 2 - 
(benzytoxycarbonyiy-N'-isopentyl-L-prolinamtde as a white solid of melting point 1 10-112 C. 

(ii) A solution of 5.73 g of ^benr^toxycarbonylhN^sopentyl-L-prolinamide in 600 ml of ethanoi was 
hydrogenated over 0.8 g of 10% palladium-on-carbon catalyst for 3.75 hours. The catalyst was removed by 
filtration and the filtrate was evaporated to give 3.4 g of N'-isopentyf-L-prolinamide as an oil which was used 
without further purification. 

(iii) A solution of 3.4 g of NNsopentyl-L-prolinarnide. 6.76 g of [N-{benzyloxycarbonyi>-L- 
phenylaianyl]methyi bromide and 2.0 g of triethytamine in 360 ml of dichlorom ethane was stirred at room 
temperature overnight. The crude product was isolated in a manner analogous to that described in Example 
1 and was recrystailized from a mixture of ethyl acetate and n-hexane to give 3.3 g of N 2 -[[N- 
(benzyloxycarbonylhL-phenylalanylJmethylhN'-isopentyl-L-prolinamide as a white solid of melting point 82- 
84'C. 

(iv) A solution of 0.96 g of N 2 -f[N-(benzytoxycarbonyl>-L-phenylalanyl]methyl)-N , -isoDentyl-L-pro- 
linamide in 40 ml ethanoi was seated with 0.17 g of sodium borohydride in a manner analogous to that 
described in Example 2. The crude product was recrystailized from a mixture of diethyl ether and n-hexane 
to give 0.65 g of N 2 -[3(SMbenzytoxy1ormamido>-2(R and S^hydroxy^phenytbutyll-N'-isopentyl-L-pro- 
linamide as a white solid of melting point 73-82 ' C. 



Example 18 

0.58 g (1.24 mmol) of N 2 -[3(SWbenzyloxyformamidO)-2(R or S)-hydroxy"*4-phenylbutyl]-N , *tert.butyl-L- 
orolinamide was dissolved in 25 ml ot methanol and hydrogenated for 5 hours at room temperature in the 
presence of 0.472 g '2.48 mmot) of toluene-4-sulpnomc add and 0.1 g of 5% oailadium-on-carbon. The 
catalyst was filtered off and the filtrate was evaporated. There was obtained 0.82 g of a soiia which was 
dried over pnosohorus oentoxiae unaer a high vacuum and coupled with 0.322 g (1.21 mmci) cf N- 
(benzytoxycarbonyl)-L-asDaragine m atmethylformamide in a manner analogous to that described in Exam- 
ple i. After working-uo in a manner analogous to that described in ExamDie 10 there was obtained 0.6 g of 
crude product which was chromatograoned on silica gel using System C for the elution. There were 
Obtained 225 mg of N 2 -(3{S)-[(N-(benzyloxycarbonyn-L-asoaraginyl]amino]-2(R cr S)-hyarcxy-4 
phenylbutyl]-NMert.butyl-L-proiinamiae as a solid: MS: m/e 582 [M*H] . 

The N 2 -[3(SWbenzyloxyformamido)-2(R or S)-hydroxy-4-phenylbutyl]-NMert.butyl-L-prolinamide used 
as the starting material was prepared as follows: 

(i) 5.2 g (15 mmol) of N-(benzyioxycarbonyi)*L-oroiine succintmide ester and 1.63 g (22.3 mmcD of 
tert.butylamine were taken uo in 50 mi of dichioromethane and the mixture was stirred at *8 C for ' hour 
and then at room temperature for 18 hours. The solution was then washed with 5 9/ o citric acid solution, 
saturated sodium bicarbonate solution and saturated soaium chloride solution and dried ever anhydrous 
sodium suiohate. After evaooration ;ne solio was crystallized from ethyi ac9tate'n-hexane to give 3 c of N 2 - 
(benzyloxycarbonyi)*N'-iert.bL:v!-L-orounamiae: MS: m/e 305 [M + H] 

(ii) 2.5 g (8.22 mmol) of N 2 -fben2yioxycarbonyl)-N'-tert.butyl-L-crolinamiae m 25 ml cf methanol were 
hydrogenatea for 5 hours over 0.5 5 of 5% oalladium-on-carbon. The catalyst was removed by fiitrarion ana 
the solvent was removed by evaooration to give 1.4 g of an oil wmch crystallized ucon stsncing :n a 
refrigerator for several hours. 0.25 g -2.05 mmol) of this solid was added to a solution of 0.7" c (2.05 rr.moh 
of [N-(benzyfoxycarbonyi)-L-ohenyiatanyijmethyl bromide m 15 ml z- dicniccmethane arc subsequently 
0.207 g (2.05 mmol) of tnethylamme were added. The mixture was s;irr?c rc-cm temoerature :'or 2 l "?urs. 
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The $otv6ot was removed by evaporation and the rescue was taken uo in 25 ml of ethyl tc tale. The solid 
was filtered off and discarded. The mother liquor was washed with water, saturated sodium ticar&onate 
solution and saturated sodium chloride solution and then dried over anhydrous sodium sulphate^ 
evaporation and crystallization from ether/n-hexan there was obtained 0.65 g cf N»flN. 
<beniyto>eyc«bo^^ in me ,orm of a 80bd: MS: ^ 468 

tM * H (iii) 125 g (2.7 mrnol) of NMWbenzytoxycarbony^ 

linamide was taken up in 25 ml of isooropanol and stirred for 4 hours at room temperature in the presence 
of 0 255 g (6.7 mrnol) of sodium borohydhde. The solvent was removed by evaporation and the residue was 
partitioned between ethyl acetate and water. The organic layer was washed with saturated sodium chloride 
solution, dried over anhydrous sodium sulphate and evaporated. There were obtained 1.2 g of NM3(S)- 
(benzyloxyformamidoh2(R and SVhydroxy-^henyibutylJ-N^tert.butyl-L-prolinamide which was chromatog- 
raphed on silica gel using System F for the elution. There were obtained 15 mg of isomer 1 as a gum; Rf 
(System F): 0.38; MS: m/e 468 (M + H]\ and 0.225 g of isomer 2 as a gum; Rf (System F): 0.27; MS: m/e 
468[M + H]\ 



Example 19 



A solution of 474 mg of N-[3(SHbenzyloxyformamido)-4-cyclohexyl-2(R or S)-hydroxybutyl]-L-proline 
tert.butyl ester in 100 ml of ethanol was hydrogenated over 50 mg of 10% palladium-on-carbon catalyst for 
3 hours. The catalyst was removed by filtration and the filtrate was evaporated to give 380 mg of an oil. 
This was coupled with 285 mg of N-(benzyloxycart>onyl)-L-asparagine in a manner analogous to that 
described in Example 1. The crude product was chromatographed on silica gel using 7% methanol in 
dichloromethane for the elution to give 30 mg of N-(3(SH[N-(ben2yioxycarbonyl)-L-asparaginyl]amino} : 4- 
cyclohexyl-2(R or S)-hydroxybutyt}-l-proline tert.butyl ester as a white solid of melting point 135-136 C 
(isomer 1). 

Similarly. 474 mg of the other isomer of N-{3(SHbenzyioxyformamtdo)-4-cyclohexyi-2(R or S)- 
hydroxybutylK-proiine tert.butyl ester were hydrogenated and coupled with 285 mg of N- 
(benzyioxycarbonylK-asoaragine to give 90 mg of isomer 2. MS: m/e 589 [M + H] . 

The N-{3(S)-benzyloxyformamiclo)-4-cyclohexyl-2-(R and S)-hydroxybutyi]-l-proline tert.butyl ester used 
as the starting material was oreoared as follows: 

(i) A section of 19.6 g of N-(benzytoxycarbonyl)-3-cyctohexyl-L-alanine in 60 ml of tetranydrofuran 
was cooled to -10* C and 8.9 mi of N-ethylmorpholine were added. 1 1.6 ml of isobutyl chlorofcrmate were 
added dropwise and the mixture was stirred at -i0' C for a further 15 minutes. 250 ml of diethyl ether were 
added and the mixture was filtered. The filtrate was added to a cold solution of diazomethane m diethyl 
ether (prepared from 21.5 g of N-methyi-N-nitroso-4-toluenesulphonamide) and the mixture was stirred at 
room temperature for 1.5 hours. The solution was then washed with two 200 ml portions of water and with 
200 ml of saturated sodium ccarbonate solution, dried over anhydrous sodium sulphate and evaoorated to 
give 6.6 g of benzyl [2-cyc:cnexyi-i(S)-f2-d;azoacetyi>ethyl] carbamate as a yellow oil which was used 
without further purification. 

(ii) A solution of 6.6 g cf the abeve oroduct m 60 ml of diethyl ether was stirred at rocm temperature 
while hydrogen chloride was cubbled through the solution for 30 minutes. The solvent was removed by 
evaooration and the resultino cii was crystallized from a mixture of diethyl ether and n-hexane t 0 give 5.8 g 
of (N-(benzyloxycarbonvl)-3-cvc!ohexyi-L-alanyi]methyl chloride which was used without further ounfication. 

(iii) A solution of' 4.4 g of the above product m a mixture of 90 ml of tetrahydrofuran and lO^ml of 
water was cooled to 0* C ana 0.75 g of sodium oorohydnde was added. The mixture was stirred at 0 C for 
1 hour and then evaDoratea tc dryness. The residue was taken ud in 100 ml cf dichloromethane and 100 ml 
of water, the aqueous layer was adiusted to dH 3 with concentrated hydrochloric acid and the organic layer 
was seoarated. dried over arrydrous sodium sulphate and evaocratea. The residue was triturated with 200 
ml of hot n-hexano and filtered off to give 2.65 g of 3fSV(benzv f ovyformamido)*l-chloro-4-cvc!Ohex V l-2fR 
ana S)-butanol as a white sc -c: MS. 339. 341 [M] . 

(iv) 14 ml of 0.7 1M etnanolic DOtassium hydroxide solution w«re acdeo to a solution oi 2.55 g of the 
above product in 6C mi c: ethanol. The mixture was stirred at .-.-cm temoerature for : '".-w and then 
ovaoorated to dryness. T^e -esidue was oartitioneo between :00 m! c' dichloromethane ar.d 100 ml of 
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wafer and me organic layer was dried over anhydrous sodium sulphate and evaporated. The rcsicue was 
cnnmatographed on silica gel using 3% methanol in dichiorom mane for me Krtion. There were coined 
1.84 g of 3<SHber^toxylorm8™^ and S)-eooxy butane as an oil: MS: nve 303 p.4] . 

(v) A solution of 1.84 g of ma above product and 1.21 Q of I -proline tert.butyl ester in 65 ml of 
methanol was heated under reflux for 24 hours. The mixture was evaporated to dryness and me crude 
product was chrornatographed n silica gel using 5% m thanol in dicntorom thane for the elution. Th re 
was obtained 0.41 g of r^^3(SHbon^*o^o rm ^'^r^^clohexy^2{R or SV^ydroxybutylhL-proline 
tertbutyl ester (isomer 1) as a colourless oil; NMR (CDCIi. 250 MHz) 4 0.78-1.0 (2H. m). 1.1-1.4 <5H. m). 
1.43 (9H. s). 1.55-17 (5H. m) 1.8-1.95 (4H. m). 2.03-2.15 (1H. m). 2.3-2.4 (1H. m). 2.5 (1H. dd). 2.66 <1H. t). 
3.16-3.26 (2H. m) 3.55-3.7 (2H, m), 4.08 (1H, broad s). 5.02-5.15 (3H. m). 7.25-7.4 (5H. m). 

Further eiution wim me same solvent system yielded 1.18 g of isomer 2 as a colourless oil: NMR 
(COClj. 300 MHz) $ 0.75-O.85 (1H. m). 0.9-1.0 (1H. m). 1.1-1.4 (5H. m). 1.43 <9H. s). 1.58-1.70 (5H. m). 
175-1.9 (5H. m). 2.05-2.18 (1H. m). 2.54-2.75 (3H. m). 3.05-3.15 (2H. m>, 3.45-3.52 (1H. m>. 3.7-3.8 (1H, m). 
4.96-5.15 <3H, m), 7.3-7.38 (5H. m). 

Example 20 

0.663 g (1.42 mmol) of N 2 -(3(SHbenzyloxyformamido)-2(R and S)-hydroxy-4-phenyibutylhN' Isobutyl-L- 
proitnamide was hydrogenated in 30 ml of methanol in the presence of 0.539 g (2.84 mmol) of toluene-4- 
sulphonic acid and 0.1 g of 5% palladium-on-carbon, and the product was men coupled wim 0.378 g (1.42 
mmol) of N-(benzyloxycarbonyl>-L-asparagine and worked-up as described in Example 1. Th3 crude 
product was subjected to flash chromatography on silica gel using System F and mere were obtained 80 
mg of l^-{3(SH[M-<bon^ i o x ycarbonyl)-L-asparaginyllamino}-2(R or S^hydroxy^-phenylbutytl-N'-isobutyl- 
L-prolinamide (isomer 1) as a solid; Rf (System E) 0.46; MS: m/e 582 (M + H]*. 

The column was then eluted with System C to give 70 mg of isomer 2 as a solid; Rf (System E) 0.33; 
MS: m/e 582[M*H]\ 

The N 2 -{3(SHbenzyioxyformamido)-2(R and S)-hydroxy-4-phenylbutyl)-N , -tsobutyl-L-prolinamide used 
as me starting material was prepared as follows: 

(i) N'-isobutyl-L-prolinamide was preoared as described in Example I7(i) using isobutylamine in 
place of isopentyiamine. 

(ii) A solution of 1.5 g (3.98 mmol) of [N-(benzyloxycarbonyiK-phenylalanyl]methyl bromide. 0.678 g 
{3.98 mmol) of N'-isobutyt-L-prolinamide and 0.402 g (3.98 mmol) of triethylamme in 30 ml of dich- 
loromethane was stirred at room temperature for 4 hours. The solvent was removed by evaporation and 50 
ml of ethyl acetate were added. The resulting solid was removed by filtration and discarded. The filtrate was 
washed with water, sodium bicarbonate solution and saturated sodium chloride solution and then cried over 
anhydrous sooium suionate. The solvent was removed by evaporation and the crude oj-couc: was 
chrornatographed on smca gei using cntoroform for the eiution to give 1.6 g of N 2 -([N-(benzyioxvcaroonyi)* 
L-phenylaiany!]metnv ( ] -N'-<sooutyi-L-oroiinamide as a solid; MS: m e -*66 (M + H] . 

{iii) A solution of 07 g (1.5 mmol) of N 2 -([N-ftenzyioxycarbonyl)-L-ohenylalanyl]methyl]-N' -sooutvl-L- 
prolinamide in 20 mi of ethanol was treated with 0.143 g (375 mmol) of sodium borohyance at room 
temoerature for 2 hours. The solvent was removed by evaporation ana the residue was partitioned between 
ethyl acetate and water. The eihyl acetate onase was washed with saturated sodium chloride solution, oried 
over anhydrous soaium sulphate ana evaocrated to give 0.67 g of N 2 -(3(S)-(benzyloxyformamico)-2(R and 
S)-hydroxy-4-phenytbutyil-N'-isobutyi-L'Drolinamide as a solid: Rf (System A) 0.39 and 0.33: MS: m.« 467 
(M]\ 



Examole 21 



a sciution ct 2-9 -z of 3(S)-;(L-asDar3giny:jamino]-2(R)-hv':- 
ester. - r^g of 2-'"aon:hovi c^io r :i p anc 7 2 .Tig of diisooroDylsthv'a 
.vgs stir-ed at 20 ' - : " 2C ^c-urs "r*. gelatinous reaction mixture was 
and ware'. ~ne crgar-; case *~.s -vaoorated ana the resulting 



-. .i-r,nor,vlbutV:]-L*Dr: V'.CUtyi 

r"'r r 10 ml of Zry ozr -"-;~--^ane 
• :rod £*}V*>?? r ' ■']'■"■ ' : • '. '"•■■*Tsnr- 



P -J 4 



89372U9 



EF0 344I47A2 



hexane to give 215 mg of M2(R>*yo^-3<$H[NH2-fU^^ L.a^»gioyl)wT>«oHH>henyibutyiK- 
proline tertbutyi em. as a wMe soHd: MS: rrve 603 [M ♦ H) 

The N^3<SHIL-a3par^y<l*miro^ tert.butyl ester used as me 

starting material was prepared as follows: 

A solution of 1.75 g of r^SHlfHberuytoxy cartoonyl-L-aspa/aomyl)a/niTO^ 

proline tert.butyl ester in 100 ml of thanol was hydrogenated over 10% paJlarfium-orwaroon for 64 hours. 
The catalyst was removed by filtration and the filtrate was evaporated. The residual gum was partitioned 
between ethyl acetate and 2M hydrochloric acid. The aqueous phase was made basic with dilute sodium 
hydroxide solution and extracted with ethyl acetate. The ethyl acetate extract was evaporated to give 1.14 g 
of rH3<SHIL-aspvaginyiJamm^^ tert.butyl ester as a white, solid 

foam: MS: m/e 449 (M *H]\ 



Example 22 



In a manner analogous to that described in Example 21. from 223 mg of N-{3(SH[L-asparaginyl)amino)- 
2(R>-hydroxy-4-phenylbutylhL-proline tert.butyl ester. 95 mg of toluene-4-sulphonyl chloride and 65 mg of 
diisopropylethylamine there were obtained 170 mg of N-{2(R)-hydroxy-4^>henyl-3(SH[N-(p-toluenesul- 
phonylK-asparaginyl)amino}butylhL-proHne tert.butyl ester as a white solid (from ethyl acetate/n-hexane): 
MS: m/e603(M*H]\ 



Example 23 



In a manner analogous to that described in Example 21. from 223 mg of N-[3(S)-[[L-asparaginyl]amtno)- 
2(R)-hydroxy-4-phenylbutyl] -l-proline tert.butyl ester. 77 mg of phenylacetyl chloride and 65 mg of 
diisopropylethylamine there were obtained 190 mg of N-(2{R>-hydroxy-4.phenyl-3(SW[N-(phenylacetyl)-L- 
asparaginylJamino)butyl)-L-proline tert.butyl ester as a white solid (from ethyl acetate/n-hexane): MS: m/e 
567 (M + H] . 



Example 24 



In a manner analogous to that described in Example 21. from 249 mg of N-(3<SH[L-asoaraginyl]amino)- 
2(R)-hydroxy-4-phenylbutyl) -L-proline tert.butyl ester. 94 mg of hydrocinnamoyl chloride and 72 mg of 
diisopropylethylamine there were obtained 214 mg of N-(3(SV((N-hydrocinnamoyl-L-asoaraginyl)amino]-2- 
{R)-hydroxy-4-phenylbutyi)-L-oroiine ten.butyl ester as a white solid (from ethyl acetate/n-hexane): MS: m/e 
581 [M + H]*. 



Examole 25 



In a manner analogous to that described in Example 21. from 270 mg cf N-{3(SH[L-asoaraginyl]amino]- 
2{R)-hydroxy-4-ohenyibutyt] -L-proline ten.butyl ester, in mg of 1-naphthoyl chloride and 77 rng of 
diisopropyiamine there were obtained, after chromatography on siiica gel using 10% methanol in dich- 
ioromethane tor the elution. 130 mg of N-(2(R)-hyoroxy-3'S)-[[N-(i -naonthoyl)-L-ascaraginyl]amino]-4- 
phenylbutyi}-L-oroline tert.butyl ester as a white soiid; MS: m e 603 (M + HI . 



Examole 26 

in a mai.- .?r analogous to that described in Examole 21. '-:m ;.70 mg c* N-.'3(SHi L-escnracinyljarninol- 
2fRVhydrcvy-- 1 -eh*inyit'-!y!l -L-proiine tert.butyl ester. 1CC ~g :--^amovi cVo^c* --n 7 "' of 
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diisoprocytothytantn* there wer« obtained, after chromatography on silica gel using 10% methanol in 
dk^tofomethane lor the ekibon. 99 mg I rH3(SH(^ f w««^W--asoa/aginyl>.amw)-2(R>- -hydroxy-*- 
phenylbutylK-pro^ tert.butyl ester as a white soM; MS: rrve 579 [M *H]\ 



A solution of 270 mg of N^3(SW(L-aswaginyl)amirK>-2(R>^^ tert.butyl 
io ester and 98 mg of 4-phenytbutyhc acid in 10 ml of dry tetrahydrofuran was cooled in an ice/salt mixture. 
81 mg of hydroxybenzotriazole, 69 mg of N-ethyimorpholine and 136 mg of dicyclohexylcarbodiimide were 
added and the mixture was stirred for 64 hours. The mixture was then diluted with ethyl acetate and filtered. 
The filtrate was washed with aqueous sodium bicarbonate solution and sodium chloride solution. The 
solvent was removed by evaporation and the residue was chromatographed on silica gel using System G 
15 for the elution to give 79 mg of N-{2{R)-hydroxy-4-phenyl-3(SHtN-(4-phenylbutyryl>-L-asoaraginyl]amino]- 
butylj-L-proline tert.butyl ester as a white solid: MS: m/e 595 [M + H]\ 



In a manner analogous to that described in Example 27. from 249 mg of N-[3(S)-([L-asparaginyl]anvr.o}- 
2(R>-hydroxy-4-phenylbutylhL-proline tert.butyl ester, 104 mg of 2-naphthylacetic acid. 75 mg of hydrox- 
ybenzotriazofe. 64 mg of N-ethylmorphoiine and 126 mg of dicyclohexylcarbodiimide there were obtained. 
25 after chromatography on silica gel using 10% methanol in dichloromethane for the elution. 62 mg of N-{2- 
(R>^ydroxy-3(SH[ N -[(2-naphthyl)acetylK^ tert.butyl ester as a 

white solid: MS: m/e 617 [M + H]\ 



30 Example 29 



In a manner analogous to that described in Example 27. from 270 mg of N-{3(S)-[[L-asoaraginyl]aminol- 
2{R)-hydroxy-4-phenylbutylhL-proline tert.butyl ester. 108 mg of 4-methoxyhydrocinnamic acid. 81 mg of 
35 hydroxybenzotriazole. 69 mg of N-ethylmorpholine and 136 mg of dicyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using System G for the elution. 113 mg of N-{2(R)-hydroxy-3- 
(SH[N-(4-methoxyhydrocinnamoyO-L*asoaraginyl]amino)-4-phenylbutyl]-L-proltne tert.butyl ester as a white 
solid: MS: m/e 611 (M ♦ H]\ 



0.179 g of dicyclohexyicarDooiimide. 0.016 g of hydroxybenzotriazole and 0.09 g of N-ethyimorchoiine 
45 were added to a stirred solution of 0.238 g of N-(3(S)-ammo-2fR or S)*hyaroxy-5-methyihexyi]-l-proiine 
tert.butyl ester and 0.210 g of N-fbenzvioxycarbonyO-L-asoaragine in 10 mi of tetrahydrofuran at 0 C. The 
mixture was stirred for 16 hours 3na then filtered. The fiftrate was partitioned between ethyl acetate and 
water and the organic phase was then washed with sodium bicarbonate solution and sodium chloride 
solution. The organic phase was evaporated and the residue was chromatograDhed on silica gel using ethyl 
so acetate.-methanol (9:1) for the elution to given, after recrystaiiization from ethyl acetate'n-hexane. 0.1 3 g of 
N-{3(SHt N -(ben2yioxycarbonyi)-l*asDaraginyi]amino)-2(R or S)-hydroxy-5-me!hyihexyi)]-L-crc!ine tert.butyl 
ester as a white solid: MS: m/e 549 [M ♦ H] . 

The N-f3fS)-amino-2(R or Srhvaroxy-5-methylhexyij-l*proline tea.Dutyl ester usea as staring 
material was oreoared as follows: 
55 (i) A solution of 1.31 g of 3(SWbenzyioxyformamidoH .2(R or SVeooxyo-^ethylhexane rw— 0,355 g 

of proline ten. butyl ester in 10 rni of dimethylformamide was stirred a* 1 00 C f cr 16 hours an" '^.e soivent 
was then removed by evaporation. The residue was partitioned between <?***v! acetate ar" w?*9r. The 
organic p^ase *as washed with sccium chloride solution and evancatec:. residue -^as :;"cmatoq- 
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raphed on silica g* using ethyl *cet*t*/*cebc acxV than* (4:1:1) (or the tubon. Material having a Rf of 
approximately 0-24 was re-chromatographed on silica gel using System H for the button to give 0.35d g of 
N-{3(SHba*«Vtoxyfonn«mido>-2(R or SH>ydroxy&^nethyihexYl)-L-proline tertbutyl ester in -he form of a 
cotourless oil; MS: m/e 435 [M ♦ H] \ 
s (ii) A solution of 0.35 g of N43(SHben2yloxyformamido)-2(R or S>^ydroxy«5-methylhexyl)hL-proline 

tertbutyl ester in 20 ml of ethanol was hydrogenated over 10% paJladium-ofvcarton for 16 hours. The 
catalyst was removed by fittration and the filtrate was evaporated to grve 0.238 g of N-{3(S}-aminr>2(R or 
SH)ydn^-5-methylhexyl}-L"proltne tert.butyl ester in the form of a colourless gum: MS: m/e 301 (M + H]\ 

10 

Example 31 



is A solution of 0.28 g of N-{3(SK[L-a3paraginyl)amino)-2(R>-hydroxy-4-phenylbutylhL-proline tert.butyl 
ester, and 0.083 g of benzyl isocyanate in 5 ml of dichloromethane was stirred at 20 * C for 2 hours. The 
solvent was then removed by evaporation and the residue was triturated with diethyl ether to give 0.174 g of 
N^<SHlN-<benzylC3Jt>amoyl)-l -asparaginyllamino^fRVhydroxy-^phenylbutylhL-proiine tert.butyl ester 
as a white solid; MS: m/e 582 [M + H]\ 

20 

Example 32 



2$ A solution of 0.28 g of N-{3(SH[L-asparaginyl] amino(-2(R)-hydroxy-4-phenylbutyll-L-proline tert.butyl 
ester. 0.124 g of 1 -adamantanecarbonyl chloride and 0.081 g of diisopropylethy (amine in 5 ml of 
dichloromethane was stirred at 20* C for 8 hours. A further 0.124 g of 1 -adamantanecarbonyl chloride and 
0.081 g of diisopropyiethyla/nine were added and stirring was continued at 20* C for 16 hours. The solution 
was diluted with 20 ml of dichloromethane and washed in sequence with water, sodium carbonate solution. 

30 potassium bisulphate solution and sodium chloride solution. The organic solution was then evaporated and 
the residue was triturated with diethyl ether to give 0.2 g of N-{3(SH[ N -( 1 'adamantylcarbonyl)-L- 
asparaginyl]amino] -2(RWiydroxy-4-phenylbufyl-L-proline tert.butyl ester as a white solid: MS: m/e 611 
(M + H]\ 

Example 33 



0.208 g of dicyciohexylcarbodiimide. 0.124 g of hyoroxybenzotnazoie and 0.106 g cf N-ethyimorphotine 
*o were added to a stirred solution of 0.315 g of N 2 -[3(S)-anmno-2(R)-hydroxy-4-phenytbuty(]-rr-ohenyl-L- 
prolinamide and 0.244 g of N-fbenzyioxycarbonyD-l-asoaragme m 10 ml of tetrahydrofuran at 0* C. The 
mixture was stirred for 16 hours, then diluted with ethyl acetate ana filtered. The filtrate was washed with 
sodium bicarbonate solution and sodium chloride solution and the solvent was then removec by evapora- 
tion. The residue was chromatograohed on silica get using dichloromethane'methanoi (9:1) for the elution to 
■*s give 0.22 g of NM3(SW[N-(benzyloxycarbonyl)-L-asparaginyllammo) ^(RVhydroxy^-phenylbutylJ-N 1 - 
phenyi-L-prolinamide in the form of a white solid of melting point 169-171 * C (from methanol). 

The N 2 *(3(S)-amino-2fR)-hydroxy-4-pnenylbutyi]-N , -phenyi-L-prolinamioe used as the starting material 
was prepared as follows: 

ft) 3.5 g of sodium borohvdride were added to an ice-cooled stirred solution of 21 g of [N- 
50 (benzyloxycarbonyh-L-onenyiaianyt]methyl chloride in 500 ml of aqueous tetrahydrofuran. Sfirrina was 
continued for 0.5 hour and the solvent was removed by evaooratton. The residue was Dartiticnec between 
dichloromethane and water and then carefully acidifieo wtth concentrated hydrochloric ac:d. Arter working- 
<jd the organic ch3se cave a w-.,re solid which ran as two soots: Rf 0.4 ana 0.5 (5% methanci.chlcrcform). 
The soiids were evtractec wirn boiimg hexane until ail of the higher running ccmronent had ! j?en extracted. 
55 The combined n-hexane extracts were evaoorated and the residue was re-extracted with bosii-g -i -hexane to 
remove a small amount ;"0.5 g) of the lower running comDonent. in *r«s manner there were obtained 11.5 c 
of 3fSWbenzvloxvformamico)- ' -ch!oro-4-phenyi-2(S)-butanol of n-e-tmc sent 151-153 0 !:om ethyl 
acetate n-hexane>. 
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(it) A solution ol ft.4 g of 3<SHbenzyto>c^ormamido)- 1 <1ikyo-4-ph0ny^2(SH)utAno< in 300 ml of 
ethanol containing 2-24 g of potassium hydroxide was left to stand tor 15 minute*. The solvent was 
removed by evaporsoon and ma residue was partitioned between water and dtchtoromethane. Woridng-up 
gave 10.1 g of crude ^SWbenzykno/fommm^ as an off-white solid which 

was used without further purification. 

(iii) A solution of 0.594 g of MSHbewtoxytoniiamto^ 0 33 9 t oi 
N 1 -phenyM_-prolinamioe in 5 ml of dlmethytfomiamide was heated to 90* C for 16 hours and then to 120* C 
for 8 hours. The solvent was removed by evaporation and the residue was chromatographed on silica gel 
using diethyl ether/methanol (96:4) for the elution to give 0.48 g of r^3(SHbenzyioxy1ormamidoh2(R>- 
hydroxy-4 ^henyibutyl^N^enyl-L-prolinamide in the form of a white solid of melting point 133-135 C 

(from diethyl ether). 

(iv) A solution of 0.45 g of l^-{3(SWbenzyior/fomiam^ 

prolinamide in 20 ml of ethanol was hydrogenated over 10% palladium -on-carbon for 4 hours to give 0.315 
g of ^3<S>-amino-2(R)^ydro^ in the form of a wnite solid: MS: 

m/e354[M*H]\ 



Example 34 



In a manner analogous to that described in Example 33. from 0.987 mg of 2-[3<S)- 
(benzyloxy1ormamido)-2(R)-hydroxy-4-phenylbutylhN-tert.butyl-1.2 ( 3>tetrahydro-3(R.S^ 
isoauinolinecarboxamide. 0.665 g of N-(benzyloxycarbonyl>-L-asparagine. 566 mg of dicyclohexylcar- 
bodiimide. 0.337 g of hydroxybenzotriazole and 0.287 g of N-ethylmorpholine there was obtained 0.5 g of 2- 
[3(SH[N-(benzyloxycart)onyl>-L-asparaginyl]amino] -2(R)-hydroxy-4.phenylbutyi)-N-tert.butyi-1 .2.3.4- 

tetrahydro-3(R.SHsoquinolinecarboxamide as a pale cream foam; MS: m/e 644 (M ♦ H] . 



Example 35 



In a manner analogous to that described in Example 33. from 0.225 g of dicyclohexylcaroodiimide. 
0.135 g of hydroxybenzotriazole. 0.115 g of N-ethylmorpholine. 0.38 g of N 2 -[3(S)-amino-2(R)-hydroxy-4- 
phenyibutylj-N'-benzyi-L-proiinamide ana 0.266 g of N-(benzyioxycarbonyi)-L-asoaragine there was ob- 
tained 0.056 g of N'-benzyl-N^fSfSVKN-tbenzyloxycarbonyihL- asoaraginyllaminol-2(R)-hydroxy-4- 
phenylbutyi]-L-proiinamide as a white solid: MS: m.e 6 1 6 [M +H] . 



Examoie 36 



A solution of 270 mg of N-[3(S)*(benzyloxyforrnamrdo)-4-(4-fluoroo^envi)-2(R)-hydroxybutyii-L-vfOiine 
tert.butyi ester m 50 mi of ethanol was hydrogenated over 30 mg of i0°'o pailadium-on-carbon for 2 hour?. 
The catalyst was removed by filtration and the filtrate was evaoorated to give an oil which was ccucied with 
158 mg of N-(benzyioxvcarbonyi)-L-asDaragine m a manner analogous to that described in Examoi9 1. The 
crude product was cnromatographed on silica gel using 10% methanol in dichloromethane for ths elution. 
There were obtameu 1 20 mg of f i-[3f3)-f(N-(benzyloxycarbonyl)-L-asparaginyl!aminoH-(4-Muorconany{)-2- 
(R)-hyaroxybutyl]-L-3roline ten. butyl ester as a white solid of melting point 163-164 C. 

The N-(3(S)-(benzyioxyformamido)-4-(4-fluoropnenyl)-2(R)-hydroxybutyl]-L-croline tert.butyi ester usea 
as the starting material was prepared as follows: 

fi) In a manner analogous to that described in Examoie i9(i>. 7,70 g cf N-fbenzyloxycaroonyi) 3-(4- 
fluoroDnenyO-OL-alamne were treated with isobutyl cnioroformate followed bv taction with diazomethar.e to 
give 7 t 5 g of benzyi .;2-f4-fluoroDhenvl)-l(RS)-(2-diazoacetyl)ethyi! c:»roamate as a yellow soiid of nesting 
point 97 C. 

;\\) Treatment cf the above oroduci with hyorogen chloride in ?. manror analogous to that Ascribed 
m Examoie i9(ii) cave 6.70 g cf {N^benzvloxycarDonyl)-3-{4-lluorocn9nvi i -CL-aianvi]nnethyi chor.s:- whicn 
was usee without further curtfication. 
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(m) Reduction of 6 30 g of the aoov* product with sodium borohydnde in « manner analogous to that 
dMChbed in Example 19<Ki) gave 5.83 g oi » mixture of alcohols. This mixture was chromatoqraohed on a 
column of sifca get using 2% methane* in dichloromethane for the eiutton to grve 0.95 g of threo-3- 
(beruvtaryfonnan^ M a ** ,te •a** Fuf1haf ,uton of me coiumn 

with the same sorvent system gave 3-25 g of er^rt>><b^rytoxyforrnarnKS h1<hkxc-H4- ( iuorophenylh2. 

butanofas a white solid of m Iting point 148-149 C. 

<rv) Treatment of 3.20 g of erythrc>3Hbeozytoxy1orrnami<Jo> 1 ^No*o^4-Huc<ooheny l)-2-butanol with 
ethenoUc potassium hydroxide solution in a manner analogous to that described in Example 19(.v) gave 
2.03 g of erythrc-3^benrytoxyforma^.doh as a white solid: MS: m/e 315 

(v) 0.63 g of the above product was treated with L-proiine tertbutyl ester in a manner analogous to 
that described in Example I9<v). The crude product was chromatographed on a column of silica gel using 
5% methanol in dichloromethane for the elution. There was obtained 0.26 g of N-[3(R>- 
<benzyto>ryforTnamidoH^ tertbutyl ester as a colourless oil: 

NMR (CDCh 300 MHz) 5 1.47 (9H.s). 1-75-1.95 <4H.m). 2.05-2.15 (IH.m). 2.25-2.35 <1H.M). 2.50-3.00 
(4H.m). 3.20 (2H.m). 3.58 (1H.m>. 3.85 (1H.m). 4.88 (1H.d). 5.00 (2H.dd). 6.94 (2H.t). 7.13-7.37 (7H.m). 

Further elution with the same solvent system yielded 0.275 g of N^SMbenzyloxyformamidoM-^ 
nuorophenyl>-2(RVhydroxybutyl}-L-proline tert.butyl ester as a colourless oil; NMR (CDCIa, 300 MHz) S 1.42 
<9H.s). 1.75-1.95 (4H.m). 2.05-2.20 (1H.m). 2.54-2.80 (3H.m). 2.85-2.98 (2H.m). 3.03-3.24 <2H.m). 3.44 
(IKn). 3.92 (1H.m). 4.88-5.06 (3H,m) t 6.93 (2H.t). 7.10-7.40 (7H.m). 

Example 37 

A solution of 730 mg of N-{3(S)-{ben2yloxyformamidoh2{Rhhydroxy-4-<4.methoxyphenyi)butyl]-L-proline 
tertbutyl ester in 20 ml of ethanol was hydrogenated over 50 mg of 10% palladium-on-carbcn 'or 2 hours. 
The catalyst was removed by filtration and the filtrate was evaporated to give an oil which was coupled with 
w 340 mg of N-<benzyioxycarbonyiK-asparagine in a manner analogous to that described in Example 1. The 
crude product was chromatographed on a column of silica gel using 10% methanol in dichloromethane for 
the elution. There were obtained 82 mg of N-[3(SH[N-{benzyloxycarbonyl>-L-asparaginyilamino}.2(RV 
hydroxy-4*<4-methoxyphenyl)butyi]-L-proline tert.butyl ester as a white solid: MS: m/e 613 [M + H] 

The N-f3(S)-{benzyloxyformamido>-2(R>-hydroxy 4.(4-methoxyphenyl)butyl)-L-proiine tert.butyl ester 
35 used as the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example i9(i). 3.10 g of N-fbenzyioxycarbonyi)-3-{4. 
methoxyphenyiR-alanine were treated with isobutyl chloroformate followed by diazomethane to give 2.33 g 
of benzyl [2-(4.methoxyphenyO-i(S>-(2-diazoacetyi)ethyll carbamate as a pale yellow solid of melting pent 
88-90 * C 

40 (ii) 2.80 g of the aDove oroauct were treated with hyarogen chloride m a manner analogous to that 

described m Example i9(irt to g.ve 2.35 g of [N-/benzy'oxycarbony0-3-(4-methoxyphenvh-L-?!anyilme!hvl 
chloride as ■ *hite solid of .-netting point 107 C. 

(iii) The above oroauct was ireatea with sodium oorohydnde m a manner analogous : .o that described 
in Examole i9f..i). The crude croauct was triturated w.th 30 mi of 5% methanol in dichloromethane to give 

45 1.15 g of 3fSHbenzYioxyformamido)-l-chloro-4-(4.rnethoxyphenvi»-2(S)-butanol as a wiv.e soud: MS: m/e 
363. 365 (Mf 

(iv) The above proauct was treated with ethanolic cotassium hydrox.de solution m a manner 
analogous ;c that described :n Examole i9(iv> to give 0.86 g of aSWbenzyloxyformamidci-i ,2{S)-eooxy-4- 
(4-methoxvchenyi)outane as a *ntte solid of melting point 86-87 C. 

50 ( V) o.5i g of the above orcouct was treated w.th L-oroime tert.butyl ester m a manner anatogous to 

that descr.ceo in Examole '9'vi to g.ve 0.63 g of N-(3(S)-(benzvioxyformamiOo»-2{R)-hyrjrr/'y-4-(A.m9ihox- 
ypnenyObuty'l-L-oroline tert.C-tv! ester as a colourless on: MS: rr..-e ^98 [M] 
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A solution of 1.58 g of ^3<SWb«rirftoiryfonTiam»o^ 
teftbutyH.-protinamide « 200 ml cf ethanoJ was hydroQenated over 100 mg of 10% pailrtium-cn-carbon 
for 4 hours. The catalyst was removed by filtration and the filtrate was evaoorated to give an oil which was 
coupled with 0.74 g of rHbenzytoxyc^rt)onyl>-L-aspai^gine in a manner analogous to that described in 

s Example 1. The crude product was chromatographed on a column of silica gel using 10% m thanol in 
dichloromethane for the elubon. There was obtained 0.59 g of ^3(SH[^benzyloxyca/t»nylK- 
asparag^nyljamino}^4-teftbutoxyp^ as a white solid; 

MS: rrve 654 [M*H]\ 

The ^H3($Mbenzyloxytorma/™do>^^tefl 

to linamide used as the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example I9(i). N-<benzytoxycarbonyl>-;H4- 
tertbutoxyphenylK-alanine (prepared from 7.45 g of the dicyclohexyiammonium salt) was treated with 
isobutyl chtoroformate followed by reaction with diauomethane to give 3.58 g of benzyl [2-<4- 
tert.butoxyphenylH(SH2-diazoacetyi)ethyl] carbamate as a yellow solid of melting point 80-82' C. 

'5 (ii) Treatment of the foregoing carbamate with hydrogen chloride in a manner analogous to that 

described in Example 19(H) gave 3.6 g of [N-(ben2y*oxycartx)nyl>-3-(4-tert.butoxyphenyl)-L-3lanyl]rnethyl 
chloride which was used without further purification. 

(tii) Reduction of the foregoing chloride with sodium borohydride in a manner analogous to that 
described in Example 19(iii) gave a mixture of alcohols which was triturated with hot n-hexane to give 3.14 

20 g of a white solid. This solid was recrystallized from a mixture of ethyl acetate and n-hexane to give i .88 g 
of 3(SHbenzyloxyforrnamidoH-(4-tert.butoxyphenyl>-t-chloro-2(S>-butanoi as a white solid: NMR (CDCI 3 . 
250 MHz) 5 1.35 <9H.s), 2.85-3.05 (3H,m), 3.50-3.70 (2H.m), 3.80-3.90 OH.m), 3.92-4.04 (1H,m). 4.85 <1H.d), 
5.00-5.10 (2H,m), 6.93 <2H,d), 7 10 (2H,d). 7.25-7.40 (5H,m). 

(iv) 5.52 g of the above product were treated with ethanolic potassium hydroxide solution in a manner 
25 analogous to that described in Example I9(iv) to give 4.98 g of 3(SWbenzyioxyformamido)-4- v *Hert.butoxy 

phenyl)- 1.2(S)-epoxy butane as a colourless gum: NMR (CDCI1, 250 MHz) 5 1.36 (9H.s), 2.75-3.05 (5H,m), 
3.76 (1H.m), 4.73 (1H,d), 5.07 (2H.S). 6.95 (2H,d), 7.10 (2H.d). 7.25-7.40 (5H.m). 

(v) 2.50 g of the above product were treated with N'-tert.butyl-L-protinamide in a manner analogous 
to that described in Example 19(v) to give 1.58 g of N 2 -{3(SHbenzyloxyformamido)-4-(4.tert.butoxyphenyl)- 

30 ZfRhhydroxybutylJ-N'-tert.butyl-L-proiinamide as a colourless oil: MS: m/e 539 [M]\ 



Exampie 39 

35 

A solution of 200 mg of N ; -{3(S)*{[N-fbenzytoxycarbonyl)-L-asparaginyl]aminol-4-(4-tert.butoxyphenyl)-2- 
(RVhydroxybutyiJ-N'-tert.butyi-L-orolinamide in 5 ml of tnfluoroacetic acid was stirred at room temperature 
for 20 hours. The solution was poured into excess saturated sodium hydrogen carbonate solution and the 

■to mixture was extracted with three 30 ml portions of dichloromethane ana three 30 mi portions of ethyl 
acetate. The combined extracts were dried over anhydrous sodium sulphate and evaoorated to give i00 mg 
of a cofouriess gum. This was chromatographed on a column of silica gel using 10% methanol in 
dichloromethane for the elution to give 42 mg of a glass-Hke solid. This solid was triturated with a mixture of 
1 ml of diethyl ether and 3 mi of n-hexane to give 28 mg of N 2 -[3(SH[N-<ben2ytoxycarbonylK-asparaginyi]- 

J5 amino]-2(R)-hycroxy*4-(4-hydroxyDheny0butyi]-N'-ten.butyl-L-orolinamide tnfluoroacetate as 3 class-like 
solid: MS: m/e 598 [M-CF3CO?]* 



Examole 40 

50 

In a manner analogous *: rat described tn Examole 1. from N J -[3iS't- ; ben2ylcxyfcrrp.arr.;cjo)-2(R)- 
hydroxy-^-phenyibutyU-N'-ien c-jv/t-L-prciinamiae ana N-fbenzyioxycarDcnyn-L-^spartic acia •i-mqthyl ester 
there was obtained N--{3(S)-[[N-fbenzyloxycaroonyl)-4-0-methyl-L-i-eSoarlytJamino]-2(nv } :ycroxy-4- 
55 phenyibutyl]-N'-iert.Duiyt-L-Drc'inam'ce as a glassy soiid of melting point 55-60* C. MS: m 9 *;97 r -\\^ HI* 

950 
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In a manner analogous to thai described in Example 1. from N 2 -{3<SHbenzy:oxyfofmamido>-2(R>- 
hydroxy-4-phenylbutylhN'-teft butyl-L-OfOlinamioe and N^benzytoxyca/t>onylK*ro thtonme there was ob- 
tained f^3<SH[^benzytoxycartxyiyi^ 
linamide as a whit solid of melting point 132-133' C. 



Example 42 



^3(SH[N.3-bis<Benzyloxycar^ 

prolinamide was prepared from N2.[3(SHben2yloxyformajnido)-2(RVhydroxy^henyibutyl].N , .tert.butyl-L- 
prolinamide and N.3-bis(benzyloxycarbonyl>-L-histidine in an analogous manner to that described in Exam- 
pie 1 and was obtained as a colourless glass: MS: m/e 739 [M ♦ H]\ 



Example 43 



A solution of 30 mg of N^3(SH[N.3-bis(benzytoxycartx>nyl)<-histidylJaminoJ-2(R)-hydroxy^ 
phenyibutylhNMert.butyl-L-profinamide in 6 ml of 2M hydrochloric acid was stirred at room temperature 
overnight. The mixture was neutralized by the addition of 2M sodium hydroxide solution and extracted with 
two 10 ml portions of dichloromethane. The combined extracts were dried over anhydrous sodium sulphate 
and evaporated. The crude product was triturated with diethyl ether to give 14 mg of N 2 -{3(SH[N- 
(benzyioxycarbonylK-histidy^ as g whjte ^ 

id of melting point 100 C (decomposition); MS: m/e 604 [M]\ 



Example 44 



In a manner analogous to that described in Example 21. from 224 mg of N-{3(S)-{[L-asparag.nyi]aminol- 
2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester. 70 mg of benzoyl chloride and 65 mg of 
dnsopropylethylam.ne there were obtained, after chromatography on silica gel using :c% methanol in 
dichloromethane for the elution. 20 mg of N^3(SH(N-benzoyl-U-asparaginyl)aminoi-2(R)-hydroxy-4- 
phenylbutylK-proline tert.butyl ester as a white solid from methanol/diethyl ether: MS: m-e 553 (M + Hl* 



Examole 45 



tn a manner analogous :o that -escribed in Example 27. from 224 mg of N-(3(SW[L-ascaraginyl]amino|- 
2(R)-hydroxy-4. D henyibutyl]-L-proiine tert.butyl ester. 93 mg of 1 -naohthylacetic acid. 68 mg of hydroxyOen- 
zotnazoie. 58 mg of N-ethyimorpnonne ana 113 mg of dicyclohexylcarbodiimiae ther 9 were obtained, after 
chromatography on silica gel using 10% methanol m dichloromethane for the elution. 1C6 mg of N-(2(R)- 

hydroxy-3(S)-{[N-[2-{1-naDhthyf)5cetyi]-L-asoaraginyl)aminol-4.phenyibutyi]-L-proline tert.butyl ester as a 
white solid from methanol aiethyl ether: MS: m e 61 7 [M + H] " . 



Examole 46 



in a manner anaiogc-js :escnbea :n Example 27. ?.-cr- 103 c , N.r^c^r: -■ -.Taginvibmino)- 

2:R)-hyarcxv4. D heny.OLty.:-L-0'3nne ren-utyi ester. 190 mg c — naidic zz:c^- ',• ' Wcroxyoen- 
cotnazole. 127 r.q cf N-et-v- vcr-oune anc 249 mg of dicydcn?-.-. --r-cdiim.ee :rv---- .-tippo ' after 
■rhromaiograpny on silica --in- :0% methanol >n dichloromer = r« 'or the eiu'ir.- ~ -"r or N-'2(R>- 
•■■yoroxy.4 ohenvi-3fS;-;;?.'-«2-:i;— v'carbonyn-L-asoaraginvilam - 'v.- M-t -cm-nr. "■■ ... \*.«, a 

Hoi 
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white solid from mem*no4/diethyl ether: MS: rrv 604(M*H]\ 



Example 47 



s 



In a manner analogous to mat described in Example 27, from 234 mg of N-{3(&H[L-aspafaginyl)amino]- 
2(Rhhydroxy-4-phenylbutyl}-L-pfOline tertbutyl eater. 96 mg of 4-cnlorohyorocinnamic acid. 70 mg of 
hydroxybenzotriazole. 60 mg of N-ethyimorphohne and 118 mg of dicyclohexylcartoodiimide there were 
to obtained, after chromatography on silica gel using System G for the elution. 171 mg of N-{3(SH(N-(4- 
chkyohydrodnnamoylK-ftsparaginyl^ tert.butyl ester as a white 

solid: MS: m/e 615 [M + H)\ 



is Example 48 



In a manner analogous to that described in Example 27. from 234 mg of N-{3(SH(L-asparaginyl]amino]- 
2(R>-hydroxy-4-phenylbutyl|-L-proline tert.butyl ester. 90 mg of 1-isoquinotinecarboxylic acid. 70 mg of 
20 hydroxybenzotriazole. 60 mg of N-ethylmorpholine and 118 mg of dicyclohexyicarbodiimide there were 
obtained, after chromatography on silica gel using 10% methanol in dichloromethane for the elution. 146 
mg of N^2(RWiydroxyO(SH[N-OHSoauinolylca^ 

tert.butyl ester as a pale cream solid from ethyl acetate/n-hexane; MS: m/e 604 [M + H] . 



In a manner analogous to that described in Example 21, from 209 mg of N 2 -[3(SH(L-asparaginyl]- 
30 amino^fRy-hydroxy^ohenylbutylhN'-tert.Dutyl-L-prolinamide. 89 mg of 2-naphthoyl chloride and 61 mg of 
diisopropylethylamine there were obtained 191 mg of N'-tert.butyl-N 2 -[2(R)-hydroxy-3(SH(N-(2-naDhthoyl)- 
L-asparaginyl)amtno)-4-phenyibutyl]-L-proiinamide as a white solid: MS: m/e 602 [M + H] 

The starting matenal was prepared by hydrogenating N 2 -[3(S)-[[N-{benzyloxycarbonyl)-L-asparaginyi]- 
aminol^RVhydroxy^ohenyibutyll-N'-tert.butyl-L-prolinamtde: MS: m/e 532 [M + H] . The latter comoound 
35 was obtained in a manner analogous to that described in Example 33. but using NMert.butyl-l-p-'oiinamiae 
in paragraph (iii) in place of N'-phenyt-L-protinamide. 



A solution of 2.798 g of l-{3(S)-amino-2(R)-hydroxy-4-phenylbutyll-N-ten.butyl-octahydro-cyc!coenta(bj- 
pyrrole-2-carooxamide (four diastereomers) and 2.72 g of N-(benzyioxycarbonyi>-L-aSDaragine succmimide 
ester m 50 ml of dimethoxyethane was stirred at 20 "C for 2 hours and the solvent was then removed by 

J5 evaooration. The residue was taken uo m ethyl acetate and the solution was washed with aaueous soaium 
caroonate solution and sodium chloride solution. The organic solution was evaoorated and the residue was 
chromatograoned on siiica gei using System G for the elution. There were cctained 434 mg of 1 -[jt'SVffN- 
(benzyioxycaroonyl)-L-asDaraginyi]amino]-2fRVhydroxy-4-phenyibutyl]*N-teri.butyl-octahydroM'3aS.63S}- 
cyclODenta(b]pyrroie-2fS)-carDoxamide as a white solid from ethyl acetate: MS: m e 622 [M + H] : P»: 0 22. 

so The ^f3fS)-amino-2fR)-hydroxy*4-ohenyibutyl]-N-ten.butyl-oct2nyaro-cyc!Ooenta(b]pyrrole-2{S)-carcox- 

amide useo as the starting material was oreDared as follows: 

(i) A solution of 2.98 g of 3(S)-fbenzytoxvformamidoH .2(S)-eooxy"A-oheny)butane and Z.\ ; of N- 
tert.butyl-oc:ahydrO'^-'C!CDenta(blpyrrole-2-carboxamide in 50 ml of e^anot was heated at ref'ux fcr 10 
hours anc the solvent was then removeo cy evaooration. Chromatcgrazrv c~ si''ca gel using Syste*" H '■•z- r 

55 the eiuticn *hen gave -.7 g of l■(3(S^(ben2y^oxyformam1doi•i^n^hv^rc>v-4-ohe^vlbutvi]■^^t?^.cu!yl• 
octahyarc-:yc!ODentaffciDyrrcie-2-carbox3mide as a mixture of four ::ssteroc— r^: MS: rr e 50S [.V. - 



25 
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m A loHitKjn of 4 6 g of M3<SHbtniylwytor^^ 
ociiriydw»e^^ (four diaata^omeo) ,n 90 ml of ethand w« hycroganated 

StHoT^^ at 20' C and under atmosphenc pressure for 72 hours. The caxalyst ws 

removed b7 filtration and the filtrate was vaporated t give 2.958 g of L{3(SVamino.2(R^ydr xy^- 
pr^lbutylhN-terlbutyhoc^ < ,our di*«ereomers) as a brownish 

oil;MS:nV 508(M + H]\ 



Example 51 



In a manner analogous to that described in Example 27. from 310 mg of i-[3(SH[L-asoaraginylJafninoh 
2<R)-hydroxY-H*enylbutylh^^ 1 1 1 

mg of quinaidic acid. 86 mg of hydroxybenzotriazole. 74 mg of N-ethylmorpholine and 132 mg of 
dicyciohexylcartxxliimide there were obtained, after chromatography on silica gel using 
dichloromethane/methariol (9:1) for the elution. 200 mg of N-tert.butyK>c^ 

(SHW2^uindyk»r^ as 
a white solid; MS: m/e 643 [M ♦ H] ' . ^ ee c ^ 

The i^3(SHlL-asparaginyl)aminoh2^ 
cyclopenta(b]pyrrole-2(SKarboxamide used as the starting matenal was prepared as follows: 
A solution of 397 mg of H3<SH[NMbenzyloxycarbonylK-asp^^ 

N-tertbutyl-octahydro^3aS.6aSK in 20 ml of etnano1 was h y*oge- 

nated over 10% oalladium-on<arbon at 20 'C and under atmospheric pressure for 4 hours. The catalyst 
was removed by filtration and the filtrate was evaporated to give 312 mg of i-{3(SH[L-asparaginyiJaminoh2- 
(R>*ydroxy.4-phenylbutylhN-tert.buryi^ as a 

pale yellow gum: MS: m/e 488 (M + H] . 



Example 52 



In a manner analogous to that described in Example 27. from 295 mg of NM3(SW[L-asparag.nyl]- 
aminol-2(R>-hydroxy.4.phenyibutyl]-N'-tert.butvl-L-prolinamide. 204 mg of 6-<benzylOxycarbonyl)-2-naDh. 
thoic acid. 20 mg of hydroxybenzotriazole. 77 mg of N-ethylmorohoiine and 151 mg of dicyclohexyicar- 
bodiimide there were obtained, after chromatography on silica gel using System G for the elution. 340 mg 
of NM3<SW[N-[6-(benzyioxYcartx)nyl>-2-naDh^ 

tert.butyl-L-prolinamide as an oH-white solid Irom ethyl acetaten hexane; MS: m/e 736 [M ♦ H] 



Examoie 53 



294 mg of N-{3(S)-([N.{6-(benzyloxycarbonyh-2-naonthcyll-L-asoaraginyl]aminci-2i:R)-hydrcxy-4- 
phenyibutyl]-U ■tert.butyi-L.proi.namtde m 100 ml of .sooropanoi was hydrogenated over 10% oa:ladi-jm-on- 
carbon at 20* C and under atmospheric pressure for 16 hours. T^e catalyst was removed by filtration and 
the filtrate was evaoorated to g.ve MS mg of N2.(3(S)-[[N^6-carboxy-2.na D hmoyl)-L-asDaraGinyi]am.no]-2- 
(R).hydroxy-4. 0 henylbutyl]-N'-ten.butyl-L-prolinamide as a white solid from methanol/ethyl acetate: MS: m/e 
646 (M + H]* 



Examoie 54 



In a manner analogous -c :*at orccrioed in Examoie 27. 'rem 295 mg cf N^r^S'-^L-asoar-ciny.i- 
aminoi-2(R)-hvcroxy-4. C henv.bu:vi]-N , -iert.butyl-L-proiinamice. ~q r 4-toenzyicxyc?.:::or.ynbenzoic 

acid. 90 mg cf *ydro*vben3:-t:iazoi6. 77 mg of N-ethylmorphc'-- 3 nc :5: mg of 6\cyc\o^^z^co^ne 
there were "obtained, after c^cmatographv on silica gel using Sv*'*m v '"-e elution. ;S: ' N—/ Vr 
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Example 55 
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596 (M + H] 

15 Example 56 



w * P.«nm. 27 from 228 mg of NMflSHtVasparaginylh 

,n a manner analogous to that dwcnbed «n ^itrocinnamic acid. 69 mg of 

^WWVWW^ £ oTo-icyc^exyfcartodiimio-e there were 

hydro*ybenzotriazo.e. 59 mg of (9:„ for the elation. 68 mg of 

as a white solid from methanol/diethyl ether; MS: m/e 623 ' 



28 



Example 57 



30 



OS 



■ k,2 r 9 mN-h«dro X v.3(SHtN-(4-nitrocinhamoyl)-l-asparaginyHaminol- 
A solution of 200 mg of NMert.butyl-N'.(2<R)-hydroxy ^ < pa „adiumK 5 n<arbon at 20 C 

4.phen y .buty.}.L-p f olinamide in 20 m, f^^lTZVJ^ by Nation and the filtrate was 
and under atmospheric pressure «or 5 hour* The c talyst as me ,han*methanol (9:1) for the 

evaporated. The residue "« chjjW* ed on * ca ^^^^.^.^I^^m^ 

e.ution to give 40 mg r!«f al a whUe^ solid from methanol/othyl acetate; MS: m/e 595 (M +HJ 

phenylbutyll-NMert.butvi-l--oroi.nam.de as a white sow iro 



Example 58 



c .mnM 27 from 418 mg of NM3<SHlL-asparaginyll- 
,n a manner anaiogous to ra. described -n I " of ,. acety M.2.3>ietrahydro-2- 

a minol-2(R>-hydroxy.4.oh9n yl bu.v.i-N ■»f h u ^^™ ole l08 m g o< N-ethyimorpho.ine and 212 mg 
(R.SVou.no.ine-carboxyl.c ac.d. -27 nng 0 . i ^^Z^on by chromatography on s.lica ge. us.ng 
of dicyclohexylcaroodiim.ae there -ere ° m %£ e '° V " ^. ( 3(S)-([N.((l-acetyl-i.2.3.4-tetrahydro-2(BSV 
dichloromethane/mathano, <9:U ** '^^^^^ o'heny.butyl-N'ien.buty.-L-prol.nam.de «wo die- 
rSST e,er: MS: ... 649 (M + H] 



50 



Examoie 59 



„ - am n, H 27 »r"m 418 mg of N'-(3(SH(L-2S0arag.nyl)- 
ln a manner analogous :c ->.: oescnbed m cxamc.e ^ ■ , 2 .3.4.»trahydro-i-oxo-3(RS)- 

am.nol-2(R)-hydroxv-4-oheny. t ,-,. •^•^^^oa™ c< N-ethyimorohoHne and 212 mg of 
, isoqu ,noiinecarboxyi,c aod. <r ? o hydr o yoen ° ^ " „ $i , ica g el us.ng System , for the 

dicyciohexylcartoonmide tne-e - • J 6 '*^; aW ^..e.^o-i-oxo-^. r< SV,soau,nciv.>c3rcon y; ]-L- 
elution. 132 mg ot n , ^ . L . e , 0 linam.de (diastere^- - -s - ■• 

asoaragipyi]am.no|-2(RVfvarcv g g ^ 7 2 1 1 9 

9 "> -J 32 
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rT * thano4 ****W MS: m/e 621 (M ♦ H)\ and 66 mg of NMe*t.txJtyf^3<$HrN^0 .2.3.4- (etrahydro-L 
oxo-3<R or SHsoqutrx>ryi)can>5nyiK-M^ 

(diastereomer 6)ui white toW from methanot/diethyl ether: MS: m/e 621 (M ♦ H]\ 



Example 60 



In a manner analogous to that described in Example 27. from 418 mg of N*-{3(SH[L-asoaraginylh 
aminoh2(Rhhydroxy^phenylbutyl^ 219 mg of 2-acetarmoo- 1.2.3. 4-tetrahydro-2- 

naphttvv: acid. 127 mg of hydroxy benzotriazole. 108 mg of N-ethylmorpholine and 212 mg of dicyciohexyt- 
cartoodiimide there were obtained, after chromatography on silica gel using dichloromethammethanol (9*1) 
for the elution. 142 mg of N 2 -{3(SH[N.[2(R or S>-acetam.do.1.2.3.4-tetrahydro.2.naohmovlhL-asparaginyl]. 
aminoh2(R} : hydroxy^.phenyibutyl]-N 1 .tert.butyl-L-prolinamide (diastereomer A) as a white solid* MS- m/e 
663 [M ♦ H] , and 80 mg of N*-{3<SH[N-{2(R or S>-acetamickM .2.3.4^etrahyd^^ 

amino)-2(R) : hydroxy-4^henylbutyl)-N^tert.butyl-L-prolinamide (diastereomer 6) as a white solid* MS" m/e 
663 (M + H) . 



Example 61 



In a manner analogous to that described in Example 27. from 209 mg of N2-{3(S)-([L-asDaraginyl)- 
am.noh2(R)-hydroxy-4-phenylbutylhN'.t9rt.buty|.L-prolinamide. 81 mg of qu.naldic acid. 63 mg of hydrox- 
ybenzotnaiole. 54 mg of N-ethylmorpholine and 106 mg of dicyclohexylcarbodiimide there were obtained 
after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution. 88 mg of N*M2(Rh 
hydroxy^pheny|.3<SM[N-(2^uinolylca^ 
white solid: MS: m/e 603 [M ♦ H]\ 



Example 62 



A solution of 844 mg of 1-{3(S)-am.no-2(R>-hydroxy.4-ohenylbutyl]-N-tert.butyl-2(S)-piperidinecarbO- 
xam.de and 882 mg of N-fbenzyioxycarbonyO-L-asparagme succinimide ester in 25 ml of tetrahydrofuran 
was stirred at 20 C for 16 hours anc then evaoorated. The residue was dissolved in 50 ml of dich- 
lorometnane and the organic solut.on was washed with saturated sodium chloride solution and water The 
solvent was removed by evaoorat.on and the res.oue was chromatographed on silica gel using 
dichloromethane/methanol (9:1) for the elution. There were obtained 461 mg of 1-[3(S)-{[N- 
(benzyioxycarDonyi).L-asDaraginyi]amincj-2(R)-hyaroxy-4. D henylbutYl]-N.tert.butyl-2(S)- 
pioenainecarboxamide as a oaie cream solid: MS. m-e 596 [M + H] '. 

The i-[3(S)-amtno-2(R)-hydroxy-4-phenyibutyi]-N.tert.butyl-2(S)-pipendinecarboxamice used as the 
starling material was prepared as follows: 

{.) 2.576 g of N.tert.outyl-2fS)-oiDeridinecarocxam ( de and 4.158 g of 3(SHbenzyioxyformamido)-i 2- 
(o)-epoxy-4- 0 henyibutane m 70 mi of ethanol was heated at reflux for 16 hours. The solvent was removed 
by evaDoration and the residue was dissolved in 100 mi of diethyl ether and treated with to g of activated 
magnesium silicate. The solvent was then removed by evacoration and there were obtained 5 16 g of t-[3- 

(SHbenzyloxyformam.do)-2(RVhyarox y -4.phenyibuty.]-N-ten.buty.-2fS)-o.pencJinecarboxam-9 as a colour- 
less glass: MS: m e 482 (M * H]\ 

(ii) A solution of 1.25 g of i •!3(SHbenzyloxyformamido)-2(R)-hvaroxv-4-ohenytbutvl-N-r 9 rt butyl-2(S>- 
p.pendinecarDoxamicJe in 60 mi of ethanol was nydrogenated over 10% oailadium-on-cafoon at 20 *C and 
under atmosohenc oressure for 16 hours. The catalyst was removea by filtration ar:c 'he filtrate was 
evaoorated to g.ve 0.844 g 0 t i-[3fS)-amino-2{R)-hydroxy-4.phenyibutyl]-N tert.buty! 2r5l-oiceridinecarbox- 
amide as a oale yeiiow gum: MS: m e 348 (M + H] * 

0 5 5 

Examole 63 

39372^9" 



EP 0 34fl S47 A2 



In a manner analogous to that descnbed in Example 21. from 226 mg of H3(SHtL-tsoaraginyi]3rnino}- 
2(R^ydroxy-4-pr^yibutylhfMert.butYl-2(S>^ 93 mg of 2-naphthoyi chloride and 63 

5 mg of diisooropylethylarnine ther were obtained, after chromatography on silica gel using 
dichkxomethane/methanol (9:1) for the elution, 76 mg of N-tert.butyM42(R)-hydroxy^ 
L-asparaQinylJarntnoM-phenyltH^ as a white solid: MS: m/e 616 (M + Hf. 

The H3(SHlL-asoaraginyl}aminoh2<R>*ydroxY^^ 
used as the starting material was prepared by hydrogenating i-{3(S)-amino-2(R>-hydroxy*4-pheny (butyl }-N- 
io terl.butyl-2(SH>ipehdinecarboxamide. 



Example 64 



In a manner analogous to that described in Example 27. from 226 mg of 1-[3{SH[L-asparaginyilamino]- 
2(R)^ydroxy-4s>h«nylbutyl]-N-tert.butyl-2(S)-piDendinecarboxamide. 85 mg of of quinaldic acid. 56 mg of 
N-ethylmorphoiine. 66 mg of hydroxybenzotnazoie and 111 mg of dicyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution. 100 mg of 
20 NMert.butyM-{2(Rhhydroxy-4-phenyl-3(S^ 

ptpendinecarboxamide as a white solid; MS: m/e 617 [M + H] . 



Example 65 

25 

In a manner analogous to that described in Example 27. from 228 mg of N 2 -{3(SH[L-asparaginyl)- 
aminoh2(R>^ydroxy-4^henylbutylhN 1 -tert.butyl<-prolinamide. 88 mg of 3-isoouinolinecartX)xyiic acid. 69 
mg of hydroxy benzotriazofe. 59 mg of N-ethylmorpholine and 1 1 6 mg of dicyclohexylcarbodiimide there 
30 were obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution. 88 
mg of NMert.buryl-NM2(R)-hydroxy-3(SH[N^^ 
prolinamide as a white solid: MS: m/e 603 [M + H] . 



35 Example 66 



In a manner analogous to that described in Example 27. Vom 228 mg of N 2 -(3(S)-[[L-asDaragrnyi]- 
aminor-2(R)-hyaroxy4-ohenylbutyi}-N 1 -tert.t)utyl-L-prolinamide. 88 mg of 3-ouinottnecarboxyiic acid. 69 mg 
40 of hydroxybenzotnazoie. 59 mg of N-ethylmoroholine and 116 mg of dicyclohexylca/oodiimiae th9re were 
obtained, after chromatography on silica gei using aichlorometnane/methanol (9:1) for the elution. 86 mg of 
NMert.butyl-NM2(R>-hydroxy-4-phenyl-3^ 
prolinamide as a white solid: MS: nrve 603 [M +H] . 

Example 67 



In a manner analogous to that described in Example 27. from 295 mg of N 2 -(3(S)-([— sDaraginyt]- 
50 amino]-2(R)-hydroxy-4-phenyibutyl)-N ! -tert.butyl-L-prolinamide. 2i<* mg of 3-(benzyloxyformamiao}-2-napn- 
thoic acid. 90 mg of hydroxybenzotnazoie. "7 rr,g of N-ethylmorcholine ana 151 mg of dicvctchexylcar- 
boaiimide there were obtained, after chromatography on silica gei using System G for the elution. 380 mg 
of N 2 -r3(S)H[N-{3-{benzyloxyformamidO)-2-naphthoyi]*L-asDaraginyi;amiro}-2fR)-hyaroxy-4-oh9nylbutyl]-N 1 - 
tert.butyl-L-proitnamide as a wnite solid from methanol: MS: nrve 75 1 (M A H| . 

55 

Example 68 

9 3B 
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A sofc&on I 216 mg of H3(Sh«mifxy2<R).hydroxy^h«oylbutylhN-t©ft btJty^2.3^.hydro-1 H-indoie-2- 
(R Of SKarboxamide (diastereomer A>. 151 mg erf N-(t»nzy»OKyc«rtx)ny»K-A»0«»gtne. 73 mg of hydrox- 
ybecuotnazoie. 65 mg of r^mytrrKxpnoiine and 123 mg of dicyc»ohexy»cartx)diimtde in to m! of 
tetrahydrofuran was stirred at 20* C for 16 hours. The solvent was removed by evaporation and the residue 
« waa chromatography on silica g I using dichlorom thane/m thanol (92:8) for the elutton. Ther wer 
obtained 70 mg of H3(SH[^benzytoxycart>Of^^ xy^-pnefiylbutyi}-N- 
tertbuty»-2,3-dihydn>lH.indole-2(R or SKarboxamide (diastereomer A) as a paJe cream solid: MS: m/e 630 
(M + H] . 

The H3(S)-aminch2(RKyciroxy^pheny^ or S)-cartooxamide 

w used as the starting material was prepared as follows: 

(i) A solution of 891 mg of N-tert.butyl-2.3-dihydro-1H-indole-2(R or SKarboxamide and 654 mg of 3- 
{SHbenryloxyformamidohl.2(S>-epoxy-4^henyibutane in 5 ml of dimethylformamide was heated to 140* C 
for 40 hours. The solvent was removed by evaporation and the residue was chromatographed on silica gel 
using diethyl ether/n-hexane (2:1) for the eiution. There were obtained 300 mg of H3(S>. 
(bwizytayformm Qf SKarboxamide 
(diastereomer A) as a pale yellow oil. m/e 516 [M + H]\ and 290 mg of 1-{3(SHbenzyloxyformamido).2(R). 
hydroxy- 4-phenylbutylJ-N-tert.buty( : 2.3-dihydroiH.indole-2(R or SKarboxamide (diastereomer B) as a 
pale yellow oil: MS: m/e 516 [M ♦ H] . 

(ii) A solution of 300 mg of l-[3(SHben2yloxyformamidoh2(R)-hydroxy-4-phenyibutyl]-N-tert butyl- 
2 3^.hydro-iH-.ndole-2(R or SKarboxamide (diastereomer A) in 20 ml of ethanol was hydrogenated over 
10% pafladium-on-carbon at 20 C and under atmospheric pressure for 16 hours. The catalyst was removed 
by filtration and the filtrate was evaporated to give 216 mg of i-[3(S).amino-2(R).hydroxy.4-phenylbutyll-N- 
tertbutyl-2.3-dihydro-1H-indole-2(R or S)-carboxamide as a brownish oil. 



75 
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Examole 69 



30 In a manner analogous to that described in Example 68. from 223 mg of l-{3(S)-amino-2(H)-hydroxy-4- 
phenylbutyl].N.tert.butyl-2.3-dihydro-iH.indole.2(R or SKarboxamide (diastereomer B) 151 mg of N- 
(benzyloxycarbonylR-asoarag.ne. 76 mg of hydroxydenzotriazole. 65 mg of N-ethylmorphoiine and 128 mq 
of d.cyclohexyicarbodiim.do there were obtained 210 mg of i-[3(SH[N.(benzyioxycarbonyl)-L-asparaginyl]- 
am l no)-2(R).hydroxy.4.phenylbutyl]-N-tert.buty|.2.3^ihydro-lH.indole.2(R or SKarboxamide (diastereomer 

35 a) as a pale cream solid: MS: m/e 630 (M ♦ H] 



Examole 70 



jo 



J5 



A solution of 0.422 g :* N'-[2'R)-hvaroxy-4-pheny|.^^ 
outyi]-N -!ert Dutyl-L-proMnamiae ana M2 mg of 3-chioroperoenzo.c aaa .n lOni cf d.chloromethane was 
stirred at 20 C for i hour. The solvent was then removed by evaooration ana the residue was chromatog- 
raphed on s.i.ca get using ccnioromethane methanol (9:1) for the eiution to give 289 ma of N-tert butyl-N^ 
[2(R>-hydrcxy.4-phenyl-3<SW[N-{2^ N-ox.de as a 

white solid: MS: m/e 619 [M + Hl\ 



Examce 71 



A solution of 0.123 -g ci N'.tert.Dutyl-N-(2fR)-hydroxy-4.onenvl-3{SVf[N.r2-cu.ncivlcarbonyl)-L- 
asDarag.nyilammoJbutylj-L-crcnnam.ae N-ox.de ana 35 mg of 3-chiorcoeroenzcic ana m 5 ml of dich- 
loromethane was stirreo at 25 * C for 24 hours. A further 70 mg of 3-chiorooeroenzo.c a— was acded and 
the mixture was stirred at 20 0 - C r 4 3 hours. The sciut.on was washed w.th acuecus -cum carconate 
solution ar.o soc.um cnlonae S c:u:icn and the solvent was then removec bv evaocrat.nn ->-. residue was 
■rhromatogracned on siiica ge; System J f C r the eiution to give 70 mo of -i' -t-?r: i'.;!v!*N : -[2frU- 

^vdroxy.atS'fVN-n-oyido-S-C'j.rc-. n^onyl).L-asoaraginvl]aminol-4- c ^'-v r: ! jtv l i' 1 -Pr«.--.-- N*-.v„* e as 

S9372111 ' ' 
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an ff-whtto solid from ethyl acetate: MS: nve 635 [M ♦ H] * 



Example 72 



30 



35 



<0 



*5 



A solution of 98 mg of 3-f3(S^amirx>.2(RHlydroxy-H5henylbutvl^•N.teft butvl^Rwmi^iiH^ ^ 

bath «M. there were added 44 mg of N^myfmorphoiine followed by 76 mg of N-<benzyloxvca^! f T 
10 asoaragine succ nimide ester The mixture was allows t n ~,r~ .„ ' . y ™^°en.*yioxycaroonyi)-L- 

room imn .„ , h0 „. r,,. „, 5. "voogen b.orrMe m gi.au sceuc .as ™ s sii„ed at 



Examcie 73 



in a manner analogous to :.-at :-scr>ced ,n Example 21. from i, 0 m a -' v 3 ,c, m «„- 
mg of ^soorooy.e.nvla.™* r 9r , :ota,neo. after Mash chroma.^,:-; ^™ ^ 
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10 



MPwnyOvnmK^eny •^HRhO^nUoacm.mdt: MS: rive 620(m7h)- ^• rt * ehmo V*H- 
rboxtm.de used as me starting materia) was prepared as follows: rm.«zwa,nec». 
^.^Hm. °l , . 7 °« m9 °' ^SHI^benzytoxyca^yiK-aflja^nylJamino^RHiydfoxv^ 

E2L££,!£h * room temoerature for i hour. The solution was diluted with diethyl ether and the 
ZZZTLZZ 1" T" 3 °"- ^ Wth diethy ' ^ —*f«d in water. The »lu£n\£ 

V , °° ° f P ° taSSium Cart ° nate ^ree portions of chloroform lZ 

cantantd chloroform extracts were dried over anhydrous sodium sulphate, filtered and evaporated oiv! 



Example 74 
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Example 75 



Examole 76 



: ' T^T^^lTl A - 71 ^ °' N -' b6 -V 1 c xy ca rG on yl , L . a soa ragi ne sucon^ r 
mc , H V te,rah y^ r °'^ r an was stirred at room temoerature !or 16 hours and then evaooramd Th« 

al, 6 ; a a S n a ' SS0,Ved " °' dichto «™"™ ™ «» ^.u„on was washed rw,ce J Z'rZ^ce 2 

^r g r.s d r 0 ? ca,oon " e so,u,ion The soivem was remove ° by ~- ^£,2: 
press 5 ":: ,; Q r a eh ^ r D T duct were p - by — »«• 

were obtained 9o ma oTaS Z ° ammon ' um '°™«e <n aceton.tr.le for the elation. There 

N-tert butvM 2 3 4 Zn f ' " V' 7 VIOXyCarD0 ^ , >- L - asDara 5" 1 V<)a mi no|- 2 rR)-h y droxv-4-oheny,butvl]- 
m ^J:^ 4 - , « ran > CfOD ^3- i -o^''« « Si-carooxam.da tisomer A, as a cecums L; MS: 

.^H ^^'Tr^ huiv'-l ? 7 4 

(M * H)" ' 2PC DUr " !9a 10 the same '* ?'ve a :c:=urie,s o : MS: m-e 683 

The 2-;3;S).arT.mo.2(n|.hvs f c.vv-4.oneny.fcuty.|.N.tert.butvi.t.2.3.Jw e , ranvarccvf ,. A p . . Vri „ te , .„ 
bo,am,des .sea as the startmg ma ter.a (S were oreoared as follow,- f ■ - .-doie-..,ar- 

9 5 .9 
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(i) To a sofc/bon. cooled in ice. of 3.0 g of i^.3.4^etrahydrooyrKJo(3>b*^^ acid in 7 

ml of 2M sodium hydroxide solution. 17 ml of water and 17 ml of dioxan were added in alternating pontons 
12.5 ml of 2M sodium hydroxide solution and a solution of 3.6 ml of benzyl cnkxoformate tn 9 ml of dioxan. 
After completion of the additions the mixture was stirred at room temperature overnight and the dioxan was 

5 then removed by evaporation under reduced pressure. The solution obtained was diluted w.th water, 
washed twice with diethyl ether, acidified with 25 mi of 1M sulphuric acid and extracted throe tim s with 
ethyl acetate. The organic extracts were combined, washed twice with water, dried over anhydrous 
magnesium sulphate and evaporated to give 4.54 g of 2-ben2y*oxycarbonyH.2.3,4-tetrahydropyrioo(3.4-b}- 
indole-1-carboxyiic acid. MS: m/e 351 {M *H]\ which was used without purification. 

io (ii) A solution of 4.54 g of 2-benzytoxyca/t)onyM.2.3.4-tetrah^ acid 

in 45 ml of anhydrous tetrahydrofuran was cooled, while protecting with a drying tube, in an ice/acetone 
bath. 1 .82 ml ol N-ethylmorpholine and 1 .82 ml of isobutyl chloroformate were added, the mixture was 
stirred for 10 minutes and then 2.1 ml of tert.butylamine were added. The mixture was then stirred at 0* C 
for 40 minutes and at room temperature for 45 minutes, diluted with ethyl acetate and washed twice with 

is water, twice with 0.5M sodium hydroxide solution and again with water. The solution was dried over 
magnesium sulphate and evaporated to dryness. Recrystallization from ethyl acetate and n-hexane gave 
1.21 g of tert.butyl 2-benzyloxycarbonyM ,2.3.4-tetrahydropyrido[3.4-b)indole-1-carboxamide: MS: m/e 406 
[M + H]\ A further 0.76 g of identical material was obtained by subjecting the mother liquors to chromatog- 
raphy on silica gel using ethyl acetate/n-bexane (1:1) for the elution. 

20 (iii) 1.62 g of tert.butyl 2-benzyloxycan^nyl-1.2.3.4-tetrahydropyrido(3.4-b]indole-1<an^oxamide were 

dissolved in 10 ml of a 45% solution of hydrogen bromide in acetic acid. After 30 minutes the solution was 
evaporated and the residue was taken up in water. After filtration the filtrate was washed three times with 
diethyl ether and then neutralized by the addition of saturated aqueous sodium bicarbonate solution. The 
product v/as extracted from the now turbid aqueous layer with ethyl acetate. The combined organic extracts 

25 were dried over anhydrous magnesium sulphate and evaporated to give 0.84 g of tert.butyl 1,2.3.4- 
tetrahydropyrido{3.4-b]indole-l-carboxamide as a white crystalline solid of melting point 144 C. 

(iv) A solution of 0.60 g of tert.butyl 1 ,2.3.4-tetrahydropyrido(3.4-b]indole-1-carboxamide and 0.66 g of 
3(SHbenzyloxyformamido)-1.2(S>-epoxy-4-phenylbutane in 20 ml of methanol was heated at reflux under 
argon for 16 hours and then evaporated to give a clear oil. The two diastereomeric products were separated 

jo by flash chromatography on silica gel using n-hexane/ethyl acetate (3:1) for the elution. There were 
obtained 268 mg of isomer A of 2-(3(SV(benzyloxyformamido)-2(RVhydroxy-4-phenylbutyl]-N.tert.butyl- 
l.2.3.4-tetrahydroovndo(3.4-b)indole-i<art)oxamtde. MS: m/e 569 (M + H)\ and 65 mg of isomer B of the 
same compound: MS: m/e 569 [M + K] 

(v) A solution of 150 mg of 2-[3(S)-(benzyloxvformamido)-2(R)-hydroxy-4-phenyibutyl]-N-tert.butyl- 
35 i.2.3.4-tetrahydrooyrido(3.4*b]indole-i-carboxamide (isomer A) in 5 ml of ethanot was hydrogenated under a 

pressure of 3.4 atmospheres over 10% pailadium-on-charcoai at 20 "C for 16 hours. The catalyst was 
removed by filtration and the filtrate was evaporated to give 1 20 mg of 2-(3(S)-ammo-2(R)-hydroxy-4- 
phenylbutyl]-N-ten.Dutyl- 1 .2.3.4-tetrahydrooyndo(3.4-b|indoie-i -carboxamide (isomer A): MS: m-e 435 
[M + H]'. 

2-{3(S)-Amino-2(R)-hydroxy-4-phenyibutyii-N-tert.butyl-i.2.3.4-tetrahydrooyrido(3.4-b]indole-l- 
carboxamide {isomer B). MS: m/e 435 (M + H]". was oreoared m an analogous manner from 2-{3(S)- 
(ben2yloxyformamido)-2(R)-hydroxy-4-ohenylbutyl]-N-tert.butyl-i.2.3.4.tetrahydrooyndo(3.4-b]indole-l- 

carboxamide (isomer B). 



Example 77 



!n a manner analogous to that described in Examole 70. from 1 54 mg of N-tert.butyl-l-(2fR)-hydroxy-3- 
(S)*[[N-f2-qutncivicarDonyl)-L-asDaraginy«]amino-4-ohenytbutyl]-2fS)-Dioerrdinecarbcxamide and 51 mg of 3- 
chlorooer benzoic acid there were obtained 114 mg of N-teri.buty!-i-f2(R\-hydroxy4-phenyi-3(SH[N-f2- 
auinolyicarbonyii-L-3SoaraginyiJaminoibutyl]-2-oiDenoinecarDoxamiGe i-o^ae as a white solic: MS. m-e 633 
[M + H]*. 
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^ to <*»cnbad in Example 27. from 230 mg of W3(SH[L-asp«f W iiam«n fi u 

SI l^T^T^ 68 mQ 01 h V^^otntzoie and 58 mg of H^i!S^ 

iZZZ^J??^^ cnrtyn«tograpriy on silica get using System Q for the edition. 242 mg of 

P*P»nan«cartoxamide as a foam; MS: m/e 722 [M ♦ H]*. 
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pnaflyi0otylJ-N.tert.butyl-2(SH).pend.necartwxaiT)ide in 5 ml of ettianol was hydrogenated over 10* 

pipendinecarboxamide as a pale yellow solid: MS: m/e 932 [M ♦ HJ°. 

Example 60 

in a manner analogous to that de-ribed in Example 27. from 400 mg of cis-W3(S>-amin 0 sm\ 
SET* T 1 ^ , f- N - tert ^ty W ecanydro-2,R or SHu.no.inecartxJJde 6 < r*7 0 Z 
^zyoxycarbonylK-asparagme. 226 mg of dicyctohexyicarbodnm.de. ,35 mg of hydroxyb^oLote 
and 1,5 mg of N-e«hyimorpholine there were obtained, after chromatography on IZTcT^ 

amid^used'^Ih?],^^ or S)-quino.inecarbox. 

amide used as the starting material was prepared as follows: 

(i) A solution of 2.376 g of 3<SWbenzyioxyformamidoM.2(S).epoxy.4- D henvlbutan a anri 1 on* „ n , 
ci S .N.,e rt .buty.-decahydro.2(a S )-ouino.inecarboxamide in 32 ml o eThano. wa ItTJc \T5> ' I tar' 24 
Sns a dTh e e r m°r 4 9 °' 3fS) ^-V.ox y formam 1 doH.2 ( S,-epo Xy -4. 0 hen y ,bu,S w. aSed in 
and me r9s ,Z " 80 ° ' ,Urther 5 h0UfS - The solve "« "« »™"« by evaporation 

eTuln ,n o was , 7 cn ™ al °^P™d o" gel using d,chloromethane,me«hano< (97.5 2 5) Tor me 

decZdro 2 (R or S ? °' C,S - , - {3,SHb8 "^lox y .ormam I do,2,R).h y croxy-4- ph en y ,butyll-N ertL^I 

decahvoro ifR or t n 9 ^^'^^^^^'^y^^^^^^V^oxy-^ohenvibutyll.N-tert.butvl- 
decah ya ro-2(R or Sl-qumohnecarOoxam.ae (isomer 8) as a pale yellow gum: MS: m,e 536 (M* Hi" 

decahvd o 2 'r I 0 ",?' 0 535 9 °' CIS - , - !3(S, - (b9nz V'o-y'orm a m 1 ao.-2 ; R ) .hvdrox y .4-ohenylbu.vl].,N-,ert.b U tvl- 
n!n^ S)-Q U( no„necar0oxam,d8 (isomer B) in 25 ml of e.haroi was hycrogenated over ,o« 

^2^:ZZ:i 20 C Un ° er a,m0SPnenC DfeSSUre '° r 16 **"" -a lys ?wa S Amoved b 
en butv. deeih J Ji H W "c eVa00r " , " d ,0 9,V9 400 m9 °' cls -'- f 3(S)-am 1 no.2(R).h y0 rox y -4. otl9 n yl but y i].N^ 
tert.but y i.oecah y dro-2(R or SK.umolinecarboxam.de as a colourless gum. youiy.jn 
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' 9 G 1 3Cr9C " 1 "'' US ' n9 d ' Chl0r0me,hane -■ >'9.M 'or me 9!,-!-:n - 3 g,.,9 a 3 4 
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mg of trans-2^3(SH[*Hbenr<tory<*rtxyv^K^ 

tert£utyf.decahydroH4eR8aSHsoqu^ as * ***** from methanol/diethyl ether 

MS: rTve650(M + H)\ 

The tians-2K3<S}-aminch2(R>^ydroxY-4-ph^ 
s cartexamtde used as the starting material was prepared as follows: 

(i) A solution of 440 mg of trans-N4ert.butyK)ecar)ydro^4aR8aSHsoqw and 
549 mg of 3<SHbenzytoxytormamidoH ^(SV*poxy-i-pr>enyltxrtane in 6 ml of ethanol was stirred at 60 ' C 
for 7 hours. A further 54 mg of 3<SHbenzyto>cyfocmamktoH ,2(S>-epoxy-4-phenylbutar>e were added and 
the solution was stirred at 20 * C for 18 hours. The solvent was removed by evaporation and the residue was 

io chromatographed on silica gel using system H for the elution to give 771 mg of trans-2-{3(S>- 
(beruyioxyforma/nidoh2(RWiydroxy-^^ 
cartooxamide as a white solid; MS: m/e 536 [M ♦ H] \ 

(ii) A solution of 747 mg of trans-2-{3(SHbenzyloxyformamido>-2(R)-hy 
tert.Putyf-decahydro^4aR.8aSHsoquirK)lt^ in 40 ml of ethanol was hydrogenated over 

is 10% palladium-on-carbon at 20* C and under atmospheric pressure for 5 hours. The catalyst was removed 
by firtration and the filtrate was evaporated to give 561 mg of trans-243(S)-amino 2{R)-hydroxY-4- 
phenylbutyl)-N-tert.butyl-decahydro (4aR,8aS)-*soquinoiine-3<S>-carboxamide as a buff coloured solid. 
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In a manner analogous to that described in Example 27. from 278 mg of 1-{3(SHIL-asparaginyl]arnino)- 
25 2(R)-hydroxy-4-phenylbutyl] N-tert.butyl-2(S)-piperidtnecarboxamide. 167 mg of t-benzyloxy-2-naphthoic 
acid. 81 mg of hydroxybenzotriazoie. 69 mg of N-ethylmorpholine and 136 mg of dicyctohexylcarbodiimide 
there were obtained, after chromatography on silica gel using dichloromethana methanol (9:1) for the 
elution, 97 mg of H3(SH[N-(l-benzyloxy-2-naohmoylK-asparag^^ 

tert.butyl-2(S)-ptperidinecarboxamide as a white solid from methanol/diethyl ether: MS: m/e 722 [M + H] * . 



Example 83 



35 In a manner analogous to that described in Examole 79. from 1 19 mg of i-(3(SH[N-(1-benzyioxy-2- 
na43hmoyl)-l-asparagtnyl]aminol-2,'R)*hydroxy-^ there 
were obtained, after chromatography on activated magnesium silicate using dichloromethane/methanol (9:1) 
for the elution, 67 mg of N-tert. butyl- 1*(2fR)-hydroxy-3(S)-([N-(1-hydroxy-2-naphthoyl)-L-asoaraginyl]amino]- 
4-phenyibutyl)-2(S)-pipertdinecarboxamide as a white solid: MS: m/e 631 [M + H]\ 

*o 

Ex am Die 84 



45 in a manner analogous to that described in Example 27. from 276 mg of 1 -(3(S)-([l-asparaainy! jamino)- 
2(R)-hydroxy-4-ohenyibutyl|*N-tert.butyi-2(S^pipendinecarboxamide. 133 mg of 3-(benzyloxycarbonyl)-2- 
napnthoic acid. 81 mg of hydroxybenzotriazoie. 138 mg of N-ethyimorpholine and 1 36 mg of dicyciohexyl- 
carbodiimide there were obtained, after chromatography on silica gel using System J for the elution. 98 mg 
of N-tert. butyl i -[3(S)-[ 1 (S)-(2.3-dihyoro-t .3-dioxo-i H-benz(f]isoindol-2-yl)-3-carbamoytpropionamidci-2(R)- 

so hydroxy*4-phenylbutyl)-2(S)-pipertcinecarboxamide: MS: m e 642 [M * H]\ 



Example 85 



55 

A solution of 650 mg of N ? *[3(Sf-2mino-2fR)-hyaroxy-4-phenylbutyi]-N r -tert.butyl-L-Drolinamide and 538 
mg of N-benzyloxycarbonyf)-S-metPv!-L-cysteine »n 20 ml of dry tetrahvd'ofu.-an was cooled in >n ice sait 
mixture. 270 mg of hydroxybenzc^'azcle. 230 mg of N-ethyimorpnoline ir.c 412 mg of dicvcic-.oxvlcar- 
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to 



15 



30 



tW1M ^^ •dded and th* mixture was Hfrred hr tA ka.^ tw 

"^^•O^w-r^movWevXat^ sodium <Sh^ 

Example 86 

chjorope^nroic acid in 5 m. of methanol w« ^ZZVT^ * * 7 ° C ' A SO,utio " <* « "*2t 
The «>*•* was ^ remove<j evaporating mr?e^uT !" ^ " - 7 °' C ** 30 "'""el 
Sy«em Q for me elation to give 62 mg ofi SSTn^JT Monographed °n silica gel using 



Example 87 



JO 



9 



benzoic acid were added Por,,onw, $e ov^a of mminT "f* * ^ C " ' 68 ^ °< *io££ 
m.nutes ano then a.fowed to warm to 20 ? C SeTolu L„ " ' ° ,0 ' Uti0n WM s,irred « ^' C forTs 

chlorope,oenzo,c acid *ere added * " 7 ° ' C ' 3 *»*» 33 mg of 3! 

removed by evaporation and ,he rBm» ^^Z^JL C for 30 minutes. The so.ven, w„ 
hydroxide solution. The organic phase w« p , a * ,, ' oned «»«"••" dichforomethane and 2N sodium 
using System G for the eLon Tg^^ 



Example 88 

A solution of 154 



« solution of 154 mg 0 f N-V3(SwrN /h«,„, . 

treated w„ h 84 mg of 3 -chiorcoe rD en ™ ac I and m 9 S0 7 a ' aS,ereo ™ s ' " 5 m. of methane L as 
solvent was romoveo by evaooranon and ,ne re^.I Sfored 20 C ;3r '6 hours The 

sodium hydroxide so.u.ion. The organza,. w«T. ^ 0060 a ' chl °™e,hane a d 2M 

acetatem-hexane ,o g , ve 28 mg W^^Z^!?™™ *" was «V«-«"" from ethyl 

Example 89 

a manner analogous ;o -fiat -pcrnhan « c 
h *^-on.n^^ ^ 27. -r 0 m 400 mg of c, S -u,^. am , no . 2(R) . 

'^zyoxycarDonyn-c-asoaraome T26™Jl V rl f QU,nohnBca ^«mide. £56 „ g -f \-. 

^crcmemane^mano, ^ 3 , ^ ^Jcn 225 , C " 0rT,a,0 S ra ^ c , . : ., a 0Rj L , s , ng 6 
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ajC*r*gmy*)imtfVDh2(RH^ w SKuirK>4irt6C«t»xamK5e as a 

wnrte sobd: MS: rrv« 650 (M ♦ H]\ 

The cis- 1 ^S>-™no-2(RV^ydroxy.4-pheny^ or SHjwnoiinecartxsx- 

amide used as trie starting matenaJ was prepared as follows: 

(i) A solution of 2.376 g of 3<SHb«fuytoxyfom>amKtaH .2(S> and 1.S04 g of 
cis-N-teftbutyk*ecahydro-2(R.S>^if^^^ in 32 ml of ethanoi was stirred at 80 C for 24 
hours. A further 0.474 g of 3(SHbenzy toxylCHTTiamidoH ,2( abided in two 
portions and tne mixture was stirred at 80 ' C for a further 5 hours. The solvent was removed by evaporation 
and the residue was chromatographed on silica gel using dtchtoromethane/methanol (97.5:2.5) for the 
elution to give 1.17 g of cis-H3<SHbenzyloxyfc>nmamid^^ 

decahydro-2(R or SVquinolinecarboxamide (isomer A) as a white solid from diethyl ether/n-nexane. MS: m/e 
538 [M*H]\ and 1.146 g of cisM ^3(SHbenzytoxy1drmamido^ 

decahydro-2(R or SVquinolinecarboxamtde (isomer 6) as a pale yellow gum; MS: m/e 536 (M ♦ H) 

(ii) A solution of 0.535 g of cis-H3<SHbenryloxvformamido^ 

decahydro-2(R or S)-quinolinecarboxamide (isomer B) in 25 ml of ethanoi was hydrogenated over 10% 
palladium-on-carbon at 20 ' C and under atmospheric pressure for 16 hours. The catalyst was removed by 
filtration and the filtrate was evaporated to give 400 mg of cis-1-{3(S)-amino-2(R>-hydroxy-4-phenyibutylhN- 
tert.butyl-decahydro-2(R or Shauinolinecarboxamide as a colourless gum. 



Example 90 



m In a manner analogous to that described in Examole 27, from 27 mg of N-{3(SM[L*asparaginyl]aminoh 
2{RHiydroxy-4-phenylbutyl)-L-proline tert.butyl ester and 11.3 mg of 2-indoiecarboxylic acid there were 
obtained 15 mg of N^(SH[NM2-indolylcart»nyl)^ 
line tert.butyl ester: MS: m/e 592 (M ♦ H]\ 

30 

Example 91 



In a manner analogous to that described in Example 72. from 240 mg of 3-[3(S)-amino-2(RVhydroxy-4- 
35 phenylbutyl)-N-ten.Dutyi-t6traiwaro-2H-i.3-thia2ine-4(R and SKarboxamide and 234 mg of N- 
(benzyloxycarbonyD-L-asparagtne succimmide ester there were obtained 162 mg cf 3-[3(SM(N- 
(benzyloxycarbonyi>-L-asparaginyl]aminoi-2(R>-h^ 

thiazine-4(R and SKarboxamtde as a mixture of two diastereomers. Flash chromatography on silica gel 
using 3% methanol m aichloromethane for the elution gave 20 mg of the less DOlar diastereomer (isomer 

40 A), MS: m/e 614 [M + H]\ ana using 5% methanol m aichlorometnane gave 32 mg of tne more polar 
diastereomer {isomer 6V. MS: m e 614 [M * HI . 

The 3-(3(S)-amino-2fR)-hyaroxv-4-ohenyibutyl]-N-tert.butvi-tetranydro-2H-i.3-thia2ine-4(R and S)<ar- 
boxamide used as the starting material was oreoared from tne known tetrahyaro-2H-l.3-thiazine-4<R and S)- 
carboxyiic acid cy N-benzyicxycarocnylation m a known manner, subseouent reaction in a manner 

45 analogous to that oescnbeo m Examote 72 (i)-(iv) and basification of the dihydrobromtde obtained with 
sodium bicarbonate solution. 



ExamDie 92 

so 

0.122 g cf N-'benzyioxycaroonvti-3-cvano-L-alanine was cissolved in 2 ml of dry dimeinyformamide. 
The solution was sttrrea ana ccoiea m an .ce.salt batr ; ana treatea w.tn 0.066 g of hydrcxybenzctnazoie and 
0.1 g of dicyclchexyicarboonmice. The mixture was stirred fcr 5 minutes and then treated witn 0.163 g of 
55 N r -(3(S)-amino*2(P.Vhyaroxy"i-cnenvibutyi]-N , -tert.butyi-L-pronnamia9 >n 2.5 ml of dry ciichioromethane. 
The mixture was allowed tc *arm :c room temperature ana was :h*n stirred overnight. Th<? resulting 
dicyclohexylurea was hlterec -zf- a^a washed with methylene cnrcnce. The combined filtrate ana washings 
were evaoorateo at 40* C ;r. * w-ym to give an o.l which was zz-rw. ?erween ethvi acet-t- ?nc water. 



9 6 1 



89372119 



EP0 344 847A2 



The organic phase wu washed in seouence with saturated aoueous sodium bicarbonate solution and 
saturated sodium chloride sotubon and then dried over sodium sulphate. The solvent was removed by 
evaporation to give an oil which was chromatographed on sibca get using 14% methanol in dichiorom tnane 
for the eiution. There were thus obtained 50 mg of product which was r ©crystallized from diethyl ther/n- 
s hexane to give 0.045 g erf ^^SHt^Hbenzytoxycartx^^ 

phenylbutylpN'-tert.butyl-L-proHnamide hemihydrate as a solid of m rting point 65-70* C (softening). 

The ^3<S)-amino-2(RH>yclroxy«4-o^ used as the starting mat rial 

was prepared as follows: 

(i) A solution of 0.425 g of 3<SHbenrytoxy1ormamido>- 1 ,2<S>-epoxy-4-phenylbutane and 0-244 g of L- 
io proline tertbutylamide in 10 ml of dry isopropanol was heated at 80 *C for 20 hours. The solvent was 

removed by evaporation in a vacuum and the residue was chromatographed on silica gel using 5% 
methanol in dichtoromethane for the eiution. There was obtained 0.44 g of N 2 -{3(SHbe nz Y*o x y forTnam '< 3o >*2- 
(R>-hydroxy-4-phenylbutyl)-N 1 -t9rt.butyl-L-prolinamide as a white foam. 

(ii) A solution of 0.46 g of N 2 ^3(SHbenryloxyformamido>-2(R)-hydroxy-4-phenylbutyl}-N 1 *tert-butyl*L- 
is prolinamide in 40 ml of ethanoi was hydrogenated over 40 mg of 10% palladium-on-carbon at room 

temperature and under atmospheric pressure for 1 .5 hours to give 0.33 g of N 2 -{3(S>-amino-2(R)-hydroxy-4- 
phenylbutyl}-NMert.butyl-L-proiinamide as a gum which crystallized on standing. 
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0.167 g of N 2 -{3(S)-amino-2(R)-hydroxy-4-phenylbutyl)-N 1 -tert.butyl-L-prolinamide was dissolved in 10 
25 ml of dry dimethylformamide and the solution was stirred at 0'C while 0.191 g of the N* 
(benzyloxycarbonyl>-L-phenylgiycine succinimide ester was added as a solid. The solution obtained was 
stirred at 0 " C for 1 hour and then stored at 4 * C overnight. The solution was then evaporated in a vacuum 
and the residue was partitions between ethyl acetate and water. The organic phase was washed with 
saturated aqueous sodium bicarbonate solution and then with saturated sodium chloride solution. The 
30 aqueous phases were back-extracted with ethyl acetate. The combined organic phases were dried over 
sodium sulphate and evaporated to give a gum which was chromatographed on silica gel using 
acetone/dichloromethane <1:1) for the eiution. The combined product-containing fractions were evaporated 
to give a gum which was re-evaporated with diethyl ether to give 0.127 g of a solid. This solid was extracted 
with dichloromethane and the combined organic phases were evaporated to give a solid which was 
35 triturated with diethyl ether. There was thus obtained 0.05 g of N 2 -[3(S)-{[N-(benzyloxycarbonyl)-L- 
phenylglycyl]amino)-2(Rr-hydroxy-4-phenyibutyll-N , -tert.butyl-l.-prolinamide as a solid of melting point 101- 
103' C. 



*o Example 94 



In a manner analogous to that described in Examole 92. from 0.15 g of N-{benzyloxycarbonyl)-L- 
phenylalanine. 0.066 g of hydroxyoenzotriazole. 0.1 g of dicyciohexylcarbodiimide and 0.166 g of N 2 *[3(S)- 
J5 amino-2(R)-hydroxy-4-phenyibutyl]-N , .tert.butyl-L-prolinamide there was obtained 0.1 g of N ? -[3(S)-[N- 
{ben2yloxycarbonyl)-L-phenytaianyi)amino)*2(R)-hydroxy-4-phenyibutyl]*N , -tert.butyl-L-pro!inamide as a 
white solid of melting point 78*30 ' C. 

so Examote 95 



tn a manner analogous tc that described in Examole 92, from 0.152 g of N-fbenzyloxycarbonyD-3- 
cyctohexyi-L-alanme. 0.066 g : ; -vdroxyoenzotnazoie. 0.1 g of cicyciohexvlcarbodiimide and 0.156 g of N 2 - 
55 (3(S)*amino-2(R)-hydroxy*4-orenvoutyl]-N , -t9rt.Outyi*L-orolinamice there was obtained 0.1 c of N^-fOfSH* 
[N-(benzyioxycarbony^3-cyc'C n e>:yi-L-aianyl]amino]*2(RV^ 
of melting point 71-75 ' C. 
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Example 96 



5 



In a manner analogous to that descnbed in Example 92. from 0.1 g of N-<benzyloxycarbonyi) L- 
asparagine 0 05 g of hydr xybenzotnazole. 0.078 g of d.cyciohexylcarbodiimide and 0.17 g of 1-[3(S>- 
amtno.2(RVhydroxy-4-pnenylbutylH-<t rt.butoxycart)onyl)-N-ter1.butYl.2(R and SV oiperaxmecarboxamide 
there was obtained, after trituration with diethyl ether. 0.11 g of a white solid. In.s solid was purified by 
flash chromatography on silica gel using 10% methanol in dichloromethane for the elution. The first product 
eluted (isomer A) was 0.043 g of 1- {3<SH[N-<benzy loxycarbony \y L-asoaragi nyljam.no }-2(R>-h yd roxy -4- 
phenylbutyl]-^tert.butoxycart>onyl>.N-tert.butyl-2(R or S)-pipera2inecarboxamide: MS: m/e 69/ [M + H] . 
The second product eluted (isomer B) was 0.007 g of H3<SH[N-(benzyloxycart>ony IK-asparag.ny I lam.no]- 
2(RVhydroxy-4-phenylbutyl)-4-(tert.butoxycarbonyl)-N-tert.butyl-2(R or Shpiperazinecarboxam^e; MS: nrve 
697 [M+H]\ 

The i.[3(SHminch2(RVhydroxy-4-phenylbutyiJ^(tert.butoxycarbonyl)-N-teri.butyl*2(R or S>- 
piperazinecarboxamide used as the starting material was prepared as follows: 

(i) 0 65 g of 2-pipera2inecarboxylic acid was dissolved in a mixture of 5 ml of water and 5 ml of 
dioxane treated with 0.42 g of sodium bicarbonate and stirred for 5 minutes. 1.09 g of di(tert.butyl) 
bicarbonate were added and the mixture was stirred overnight. The mixture was concentrated by evaoora- 
tion and the residue was extracted exhaustively with ethyl acetate. This procedure was repeated at pH 6 
and pH 4 The aqueous layer. pH 4. was then extracted with n-butanol. The combined organic extracts were 
dried over anhydrous sodium sulphate and evaporated to give 0.34 g of 4-<tert.butoxycarbonyi)-2- 
piperazinecarboxylic acid as a cream coloured solid of melting point 226-229 C. 

(ii) 01 g of 4-(tert.butoxycarbonyl)-piperazine-2-carboxylic acid was dissolved in 10 ml of IN sodium 
hydroxide solution, cooled to 0* C and treated with 0.2 g of benzyl chloroformate. The mixture was allowed 
to warm to room temperature and was then stirred overnight. The mixture was extracted w.th diethyl ether. 
The aqueous phase was then acidified to pH 4 with 2M hydrochloric acid and extracted w,th ethyl acetate to 
give 0.06 g of i.(ben2yloxycarbonyl)-4-(tert.butoxycarbonyl)-2-pipera2inecarboxyiic acid as a white soud: 
MS: m/e 365 [M + H]*. 

(iii) 0.285 g of i.<ben2yloxycarbonyl)-4.(tert.butoxycarbOrtyl)-2-oipera2inecarboxylic acid was dis- 
solved in 10 ml of riry tetrahydrofuran and cooled to -15* C while stirring. There was then added 0.09 g of 
N-ethylmoroholine followed immeoiately by 0.107 g of isobutyl chloroformate. The mixture was stirred for 5 
minutes and then 0.2 g of tert.butylamme was added dropwise. Stirring was continued overnight, during 
which time the mixture was allowed to 'each room temoerature. The solvent was removed by evaooration 
and there was obtained a buff coloured oil wh.ch was oartitioned between ethyl acetate and water. The 
organic phase was wasned m sequence w.th 10% citric acid solution, sodium bicarbonate solution and 
saturated sodium chlonoe solution ana dried over anhydrous sodium sulchate. The solvent was removed oy 
evaporation to give 0.185 g of i-fbenzyloxycarbonyH.4-aert.butoxycarbonyl)-N-!ert.butyl-2-pioera2:necarbox- 

amioe as a tight brown oil: MS; m.-e 420 [M * HI 

(iv) i.i g of i-(ben2yloxycarbonyiV4wtert.butcxycarbonylVN-tert.butvl-2oioera2inecarboxam.c---- were 
dissolved m 40 ml of ethanoi. CM g of 10% oailadium-on-carDon was aaoed an. the mature was 
hydrogenateo at room temoerature ana under atmospheric oressure for 2 rours. The catalyst was ^tered 
erf. The nitrate was evacorateo to give 0.74 g of crude oroouct which was curbed by flash chromatography 
on silica gel using 5% methanol m dichloromethane for the elution. After evaooration of the solvents 'here 
was ootamed 0.44 g of 4-( le r.tv.:oxvcarbonyl)-N-*en.butyi-2-oioeraz'necarboxamin9 as an o.l: MS. rr-e 286 
[M+H]\ 

(v) 0.395 g of 4-itert.butoxycaroonyD-N-tert butyi-2-oioerazinecarboxamiae was dissolved <n =v ml of 
ciry .soorooanol and treateo w.th 0.4 1 3 g of 3(SWbenzyioxy(ormamiaoH .2(SVepoxy-4- D henyicu!ane. The 
mixture was stirred at room temoerature lor 72 hours. The solvent was removed by evaooration to give a 
Drown sem.-soiid material which was ounfied by flash chromatography on silica gel using 5% memanol m 
cichioromethane for :he elution. There was obtameo 0 234 g of i -(3fS)-(benzvoxyformamidoi-2fR>-hvcrcxy- 
4. 0 henyibutyil-4-*ten.butoxvcarbonyi)-N-tertbutyi-2(R cr Si-ptoerasmecarbcxamide as a mixture ri dia- 
stereomers. 

!v0 0.234 g cf !-^3(S^^benzv^OxvformamtcO)-2(R-hydrcxv-^-Oheny^utvli-4-^te^bu^Oxyc^rcC^y!}-^^ 
:ert.butvi-2(R ana Wcerazirc-arcoxam.de was a.ssoivea m 20 Ti M ethanoi and treated w.th iCC -.g of 
'0% oailaaiurrvon-carccn TT e mixture was hycrogenated at room :e^cera:<jre and uncer a:moscheric 
cessure for 2.5 hours. The catalyst was filtered off ana the filtrate wrs evaccsted to g<ve O.'.T : . ■-; > ; .3(S) 
amino-2i*R^hyaroxy-4. 0 renvic^ ■ SVoiperaz.necar—ramide 

which was usee without :ur:he r ouniication. 



9 G 



8 9 3472 119 



EP0146S47 A2 



Example 97 



10 



J5 
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acetate and treated with 5 drops of a ^ n ™ ™™°" L^-no to give, after recrystallizaton from 
- M » stand at room J^'^/"^^ 



IflO'C 

Example 98 



,0, , o, ^H^-l^^'^^^T^Z^^ 

as a very hygroscopic solid: MS: m/o 597 (M ♦ H] . 



25 
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— . » r ~-« ~ sxs^isrs^i^ 

buff coloured solid of melting point 80-85 C. 



Example 100 
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50 



u ^ ■ e amnfo Q9 from 0 1 08 q of 3-cyano-N-<2-naphthoyl)-l- 

'.lica gel us.ng 25% methanol in dichioromethane for the eiut.cn >ere was obta.ned c. . 
(2-naohthoyt)-L-alamne of melting point 95-100 C. 



Example 101 



.n a manner ana.ooous to ihat aescnbeo in Examo.e 92. f '^'' ^%V D De a.r^ r — ^oe. 0.015 g 
2( R ) .nvo f oxv.u.oh e n yl bu t v ll --.e^ 0 u,oxycar 3 onvO-4- t er1. b ury ^^^^^ : ,, re were 

-f cuinaicc' 3C«. 0 012 z v nvdroxybenzctnazoie ana 0.01- - . ■- 
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obtained, after extensive flaah cnromatograpny on silica gef using 10% methanol in dtefttoromethano for the 
etution, 0.004 g of a pure single isomer A. *W<ert.but xye*rt>c*YiH*tert.bu^ 

Q^^uinolYtaaftoonytK-asparatf^ 718 [M*H] . 

and 0.003 g of 8 smgl isomer B. 4Htaabutoxycarbonyl)-N-teft.^ 
s quinorylcartx>nylK-asDaraginyl)am^ or SVpiperaanecartooxamide: MS: m/e 718 (M «■ H] 

The H3(SH[L-asoaraginyl)amino^ ' 2 < R 
and S>-piperazir>ecart)oxamide used as the starting material was prepared as follows: 
0,06 g of i43(SH[*Hbenzytoxycart»nylK-asp^^ 

(tert.butoxycart>onYih^ert.biity^^ (i.e. the product of Example 96 orior to the 

io separation of isomers A and B) was dissolved in 20 ml of ethanol. 0.03 g of palladium-on^arbon was added 
and the mixture was hydrogenated at room temperature and under atmospheric pressure for 2 hours. The 
catalyst was filtered off and the filtrate was evaporated to give 0.048 g of l-(3(SH[L-asparaginyi)amino r -2- 
(R>-hydroxy^henylbutylr^tert.butoxyca^ whicn ,vas used 

without further punfication. 

js 

Example 102 



to In a manner analogous to that described in Example 92. from 0.151 g of N-(benzyloxycarbonyl)-3- 
cyano-L-alanine. 0.082 g of hydroxy benzotriazole. 0.126 g of dicyclohexylcarbodiimide and 0.212 g of 
(S>-amino-2{R>-hyaroxy^phenyibutY^ there was obtained, after re- 

crystallization from aiethyt ether/n-hexane. 0.085 g of l-(3(SH[N-{benzyloxycarbonyt)-3<yano-L-atanyll- 
aminoh2(H)-hydroxy 4-phenylbutyt|-N-tert.butyl-2(S>-pip«ndinecarboxamide as a white solid of melting point 

35 74-77* C. 



Example 103 

30 

In a manner analogous to that described in Example 92. from 0.372 g of N-(benzyloxycarbonyl)-L- 
aspartic acid. 0.189 g of hydroxybenzotriazoie. 0.288 g of dicyctohexyl carbodiimide and 0.54 g of N 2 *{3(S)- 
amino-2(RVhydroxy-4-(2-naohthyl)buty(]-N'-tert.butyi-L-prolinamide there was obtained, after recrystalliza- 
tion from tsopropanoi/n-hexane (1:4). 0.105 g of N 2 -{3(SH[N-<benzyloxycarbonyi)*L-asoaragmyl]aminol-2{R)- 
35 hydroxy-4-(2-naohmyl)butyl)-N , *tert.butyl-L-oroiinamide of melting point 149-151 C. 

The N 2 -{3(S)-ammo-2fRhhyaroxy-4-(2*naDhthyl)butyl]-N , -tert.butyl-L-prolinamide used as the starting 
material was preoared as follows: 

(i) 5 g ci 3*{2-naphthyi)-L-alanine and 0.93 g of sodium hydroxide m 12 mi of water were cooled to 
0'C ana stirrea while a solution cf 1.4 g of sodium hydroxide in 9 ml of water and 5 ^ni ci benzyl 

*o chloroformate were added simultaneously during 10 minutes. Stirring was continued for 2 hours and the 
mixture was atloweo to come to room temperature. The mixture was diluted with water and then extracted 
with diethyl ether. The aqueous layer was acidified with 4 ml of concentrated hydrochloric acid and 
extracted with ethyl acetate. The ethyl acetate extracts were back-washed with water. The combined ethyl 
acetate extracts were dried over sodium sufohate. filtered, evaoorated and triturated with petroleum ether 

J5 (boiling point 40-60* C) to give 7 5 g of N-'benzyioxycarbonyl}-3-{2-naohthyl)-l-alanme of melting point 109- 
ill'C. 

(ii) A solution of 7.5 g cf N-<benzyloxycarbonyl)-3-(2-napnthyn-L-3lanine in 20 ~: c; dry 
tetrahydrofuran was stirred at -8*C and treated with 3.5 ml of N-ethy!morcholine fotloweo bv 4 mi cf 
isobutyl chloroformate. added droowise over a oenod of !0 minutes. The mixture was stirred at -8 C for a 

50 further 20 minutes and cold (0"C) anhydrous diethyl ether was added. The resulting white ^ecoitate was 
filtered off anc t h e coid filtrate was added droowise to 100 ml of a stirred, cold (-3 C- solution ot 
diazcmethane m cethyl ether. T^e coding was removed and the solution was stirred for 3 hours. Water was 
added white s!;""~g. The organic cnase was wasnea in seauence with water, sodium oicarr;r=:e sciuticn 
and saturated sec-urn cnionce solution and then dried over sodium sutcnate. T ' ;i e scivent was :.r icvod bv 

55 evaDoration to c:ve a yellow oii which, on evaporation with oetroleum ether inciting remt J-C-60 ?i. zy-'e 9 - 
g of a send. T-turation of this sosia with diethyl ether ana refrigeration v. Z r.'ermc^t -:r-- '; 2 c z- 
benzyl [3--iazo-i:S:-[/2-naDhthyi»metnv:l-2-oxODropyil caroamate. 
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(iii) 3.13 g of benzyl (3-diaro-i(SH(2-napntny*)m6myl)-2-oxopfopyn carbamate were citsorved in 200 
ml of anhydrous diethyl ether and stirred while hydrogen chloride gas was bubbled thrcjgh the solution. 
After 1 hour the initially-precipitated solid became mor granular and excess hydrogen cnionde was being 
emitted. Then, the solvent was removed by evaporation at room temperature and the resulting white solid 

5 was dried and treed from ntrained hydrogen chloride in a vacuum over sodium hydroxide for 2 hours. The 
resulting benzyl (3<hlorc-i(SH(2-naphthyl)methyll-2-oxooropyl] carbamate was used immediately in the 
next step. 

(iv) The foregoing benzyl [3<htorc-l(SH(2-naphthyl)methylh2-oxopropyl] carbamate was dissolved in 
100 ml of 10% aqueous tetrahydrofuran, cooled to 0*C and treated with 0 456 g of sodium borohydride 

to which was added carefully as the solid. The mixture was stirred at o'C for 1 hour and then at room 
temperature overnight. The mixture was evaporated to give a white solid which was partitioned between 
dichloromethane and water. The stirred mixture was carefully acidified to pH 1 with concentrated hydrochlo- 
ric acid. The phases were seoarated and the aqueous phase was back-extracted with dichloromethane. The 
combined organic phases were dried over anhydrous sodium sulphate and evaporated to give 4.325 g of 

t5 crude product of melting point 155*160* C. This crude product was extracted with boiling n*hexane. After 
removal of the solvent by evaporation the residue was recrystallized from ethyl acetate/n-hexane to give 
1.040 g of pure benzyl [3-chlorc-2(S)-hydroxy*i(SH(2-naphftiyl)methyl]propyl] carbamate of melting point 
1 73-1 74 "C. 

(v) 1.02 g of benzyl [3-chloro-2(S>-hydroxypropyl-1(SH{2-naphihyl)methyl]propyl] carbamate were 
20 stirred in 40 ml of ethanol with 4 ml of 0.7M potassium hydroxide solution in ethanol for 0.75 hours. The 

solvent was removed by evaooration and the residue was partitioned between dichlorometnane and water. 

The organic phase was dried over anhydrous sodium sulphate and evaporated to give a white solid which 

was recrystallized from ethyl acetate/n-hexane. There was obtained 0.879 g of 3(SWbenzyloxyformamidoh 

l.2(S>-epoxy-4-<2-naohthyl)butane as a white solid of melting point 115-116* C. 
25 (vi) 0.465 g of 3(SHbenzyloxyformamidoH.2(S)-epoxy 4-<2-napnthyl)butane and 0.251 g of L-proline 

tert.butylamide in 10 ml of dry isoprooanol was heated at 80* C for 23 hours and v/orked-up as described in 

Example 92(i) to give 0.463 g of f^-{3(SHbenzyloxyformarnido)-2(R>-hydroxy-4.(2-naphthyi)butyl]-N 1 - 

tert. bury K-proltnamide as a white foam melting at about 75-85* C. 

(vii) A solution of 0.725 g of f^-[3(SHbenzyloxyfofmamido>-2(R>-hydroxy-4-{2-naphthyl)butyl]-N 1 - 
30 tert.butyl*L-proiinamide was dissolved in 25 ml of ethanol and hydrogenated at room temperature and under 

atmospheric pressure over 0.5 g of 10% palladium -on<arbon for 20 hours. The catalyst was filtered off and 

the filtrate was evaporated to give 0.54 g of N 2 -(3(S)-amino-2(R)-hydroxy-L-{2-naphthyl)butyi]-N 1 -tert.butyt-L- 

prolinamide as a white foam which was used without further purification. 

35 

Example 104 



40 In a manner analogous to that described m Examote 92. from 0.133 g of N-<benzyioxycarbonyl)-L- 
asparagtne. 0.068 g of nvdroxybenzotnazoie. 0.103 g of dicyciohexyicarbodiimtde and 0.16 g of N 2 -{3{S>- 
amino-2(R)-riydroxy-4-phenv!butyl]-N'-tert.butyl-4{R)-hydroxy*L-oro)tnamid9. Out using dichloromethane in 
place of ethyl acetate as me partitioning solvent and 20% methanol m dichlorometnane for the chromatog- 
raphy and carrying out the re-evaooration with diethyl ether, there was ootained 0.1 g of N 2 -[3(S)-{N- 

J5 (benzy!oxycarbonyi)-l*ascaraginyi amino ]-2(R)-hydroxy-4-phenyibutyi]-N'-tert butyl-4fRVhydroxy-L-pro- 
linamide of melting point i 15* C. 

The N 2 -f3fS)*amino-2fP , -hvdroxy-'i-ohenYibL'tyi!-N*-ten butyi-4/Ri-hydroxyL-oroiinamiae used as the 
starting material was oreoareo as follows: 

(i) 2.65 g of N*<benzvioxycarDonyi)-4(R\-hyaroxy-L-proiine '*« f e dissoivea ir iQ ml cf dry 

so tetrahydrofuran and cooiea \o -i0*C -vhite stirring with a magnetic stirrer, i 15 g of N-ethyimorpholine were 
added followed immediately ov : . 36 g of tsobutvl chioroformate. T'^e mixture was stirred at -10 C for 30 
minutes ar.d then 2.1 9 g t ; :en cuty'amine were added. Stirring was continued at 10 C for 1 hour, the 
mixture was allowed :o warm :c room temperature during 2 hours and was then left to stand 'or 2 hours. 
The solvent was removea c*. evaporation m a vacuum and 'he r estcue was partitioned between ethyl 

55 acetate ana water. The organic iayer was washed with 10% civnc acid solution and sodium bicarbonate 
solution and then cnec ever sodium sulphate. The solvent was --eTcveo try evaooration *.c give a solid 
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which was triturated with diethyl ftm and filtered off. There were obtained 2.23 g of crude product which 
was recrytttJMied from ethyl acetttevdtethyl ether to give 1.57 g of NHberuytoxycarbonyi>-NM , rtxty^ 
(RHtydroxy^.-prottnamide of meWng point 128*130* C. 

GO 0-224 g of NHbeftzytoxycatbonyl^Mertb^ was dissolved in 20 ml 

5 of ethanoi and hydrogenated over 50 mg of 10% pattadiurr>-on<art>on at room temperature and under 
atmospheric pressure for 2 hours. The catalyst was filtered off and the filtrate was evaporated to give 0.13 g 
of N'-tertbuty^RH^ytlroxy-LiyoUriamide which was used in the next step without further purification. 

(iii) 0.13 g of N 1 -tert.buty l-4<R)-hydroxY-L-prolinamide and 0.208 g of 3(SHben2y*oxyformamtdo>-l.2- 
(S>-epoxy-4^>henylbutane in 10 ml of dry isopropsnol were heated at 80* C for 24 hours. Working-up in a 

io manner analogous to that described in Example 33(ili) gave, after trituration with diethyl ether. 0.236 g of 
r^3(SWberu^toxy1ormamido>-2^ as a 

white gelatinous solid of melting point 135 ' C. 

(iv) 0.226 g of I^H3(SHbenzyloxyformamictor-2( 

L-prolinamide was dissolved in 20 ml of ethanoi and hydrogenated over 40 mg of 10% palladium on-carbon 
15 at room temperature and under atmospheric pressure for 2 hours. The catalyst was removed by filtration 
and the filtrate was evaporated to give 0.16 g of N 2 -{3<S)-amino-2(R)-hydroxy-4-phenyibutyl}-N t -tert.butyl-4- 
{R)-hydroxy-L-prolinamide as a gum which was used without further purification. 



20 

Example 105 



tn a manner analogous to that described in Example 92. but using dichloromethane in place of ethyl 

25 acetate as the partitioning solvent, using 20% methanol in dichloromethane for the chromatography and 
carrying out the re-evaporation with diethyl ether, from 0.067 g of N-<benzytoxycarbonyi)-L-asparagine, 
0.034 g of hydroxy benzotriazole. 0.052 g of dicyciohexylcarbodtimide and 0.08 g of N 2 -[3(S)-amino-2(R}- 
hydroxy^phenylbutylr-N^tert.butyl-^SVhydroxy-L-prolinamide there was obtained 0.03 g of N 2 -[3(SH[N- 
(benzyloxycartx>nylK-asparaginyl]amin^ 

30 prolmamide as a cream coloured solid melting at about 1 40 C. 

The NH3(S)-aminc^2(R)-hydroxy-4-ph 'Jsed as the 

starting material was prepared as follows: 

(i) 1.7 g of N-<benzyloxycarbonyl)-4fS)-hydroxy-L-profine were dissolved in 15 ml of drv cimethytfor- 
marmde while stirring and the solution was cooled to 0* C. 0.817 g of N-hydroxysuccinimide was added and 

35 the mixture was stirred while the temperature was ailowed to rise to 20 " C. The mixture was then stirred 
overnight at room temperature. The resulting cicyclohexyturea was filtered off and the filtrate was cooled to 
-10* C. 2 ml of tert.butylamine were then aoded while stirring. Stirring was continued while the mixture was 
allowed to warm to room temoerature ana the mixture was then stirred overnight. The seoaratea solid was 
filtered off and the filtrate was evaoorafeo m a vacuum to give a gum which was partitioned between ethyl 

40 acetate and water. The organic layer was washed with 10% citric acid solution and then with saturated 
sodium bicarbonate solution. The aqueous chases were back-extracted twice with ethyl acetate. The 
combined organic phases were dried over anhydrous sodium sulphate and evaporated to give a solid which 
was ounfied by flash chromatography on silica gel using 5% methanol in dichloromethane for the elution. 
There were obtained l 36 g of a cruce proauct which was recrystailized from ethyl acetate/ciethyl 

J5 etherpetroleum ether (boiling point 40-60 *0 f 1:4:4) and then stored at 4*C in a refrigerator overnight. 
There were thus obtained 1.127 g of N 2 wben2yioxycarbonyi)-N'-fen.butyl-4(S)-hydroxy-L-crc!inamtde of 
melting point 131*132 * C. 

(m) 0.224 g cf N 2 -{ben2yioxvcarbonyi)-N*-tert.butyl*4(S)-hydrcxy-L-orolinamide was hycrogenated in a 
manner analogous to that descrtbeo m Example 1 04 (ii) to give CM 35 g of NMert.butyM<S)-hydroxy-L- 
50 protinamtde as a gum-like solid whicn was used in rhe next steo without purification. 

fiii) 0.135 g of NMert.butyl-4(S^hyoroxy-L-crolinamide ana 0.208 g Of 3(SWb9nr/IOxyf::rm3mido)-1.2- 
(S)-eccxy-4-pnenylbutane <n 10 ml of dry ethanoi was stirred for 4 jays at room temperature Th<? mixture 
was workea-urj as described m Oarr.pie 92fi). with the exception that the chromatography earned out 
usina iQ°o methanol m dichloromethane for ;he elution. There was obtained 0.11 c k J : -[3{S)- 
55 (ben2yioxyformami00^2fR)*hydrc>'.y-^-pnenyibutyi]*N'-tert.butyf- 4 (SV H \'Croyy-L-prolinamide "S foam, 
(iv) 0.H g of N 2 -(3(SWbenzylcxyfcrmamtaot-2{R)-hydroxy-4-oi'e^^^^ 
proiinamtde was dissolved tn 10 mi of ethanoi ana hydrogenated over 20 mg of 10% pailac'iurn-on-carbon at 
room temperature and under atmospheric oressure for 2 hours. T^? :?.?3ws! was filtered of r 1 t H ? filtrate 
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evaporated to *ve 0.08 0 of ^3<SVamino.2<R>*y* xy^y.buty^N-tart.butyHMSVhydroxy.L. 
proHntmibt as a gum which wu used without further purification. 



Example 106 



TO 



T5 



20 



25 



30 



35 



SO 



.„ , manr-r anaiooous to that described in Example 92. but using dichloromethane .n P lace of ethy. 
^ solvent usino 20% methanol in dichloromethane tor the chromatograpny and 

acetate as the partrdonmg so^ent - smg20 > ™ N^benryloxycarbonyD-L-asoaragine. 
carry-ng out the re^vaporat,on * 8 ** S^J^SjiLd. aid 0.17 g of NM3(S>-amino.2<R>- 

nLt huto^rformamidoy-N'-tert butyl-L- P rolinamide as an off-white solid of melting point 1 70-175 C. 

dry pyndfn w^e stirring, cooli to 0" C and treated dropwise w.th 0.82 ml of, hony i d*n*j 
« ^rr^H a t o * C for a further 2 hours. The mixture was poured into a mixture of tee and 

hvd^h.r C acid and then with saturated sodium bicarbonate solution and subsequently dried over 
aSoTsoSn Sulphate. After evaporation there was obtained 0.5 g of r^benzytoxycarbonylVN'. 
mrt huM ^wlmanesulphonyloxyK-prolinamide as an oil which was used without further punf.cat.on 

SoSgofT'^ wasdis 
sotved in 10 ml of dry dimethylformamide and treated with 0.330 g of sodium azide^ The heterogeneous 
2JLi\L heated at 75 *C for 18 hours. The mixture was evaporated under an o.l pump 

:r:: z g zi««i stL ^ - « 

£Z w"t2 saturated sodium chloride so.ut.on and dried over anhydrous sodium sulphate The solvent was 
Temofed 2y to give 0.345 g o. NHbenzyloxycarbonyl^RVazido-NMert.buty.-L-prCnam.de ,n 

^ 'Too 3« g'of N 2 -(ben Z y,oxycarbon y l>-4(RVa 2 .do-NMert.butyl-L.pro 1 inam.de was dissolve, in 5 ml o, 
drv ,e t ahydroLan and the soiuL was evaporated. The residua, gum was dissolved ;n ,o m. of dry 
9 7ra dXn'no treated under a nitrogen atmosphere with 0.262 g of ^*^^ Q ^ 
soJn was .eft to stand unoer a nitrogen atmosphere a, room ^?£"Z 
was added ana the solut.on was leh to stand a, room temperature for 24 ^J*""™'^ ™ 
removed bv evaporation and the res.dua. gum was partitioned between water and d hy et .er 
LLus chase was back-extracted w.th ciethvi ether. The aaueous ohase was then evaoorated to g.ve 0.09 
ZTJZZZc Sn y i,4<R ) -am,no.N,,ert.bu,yl.L-proiinam,de as a gum. After standing „ern, q nt a 
'com tempera ure tne diethyl ether extracts were comb.ned and evaporated to g.ve 0.7 got an o, wh.ch 
wTchtomatpgraphed on s.lica gel us.no 10% methanol ,n dichloromethane for the tfubon ,o ove a further 
0 16 a ot N*-<ben2 V ioxvcaroonyi)-4<R)-am.np-N' -tert.butyi-L-prohnam.ee as a gum. 

1 021 > o« N^benzylcxycarOonyO^R^am.no-NMen.bu.yi-L-orol.nam.de was a.sso,vod -.n a m„. 
■ure of 5 ml of dioxane and 5 m. of water. 0 056 g of sodium b.carbonate was added to g.ve a so.ut.on o 
, 0 ,« g o. d ,ert.buty.) d.carbonate was added. The mature obta.ned was st.rred , r»m tempera- 

,u e overn.cn . Solvents were removed by evaporat.on and the res.due ™ ™ 
d"emvi e.he'r The aaueous phase *as oacx-extracted w„h d.emy. ether and then w.th ethy. ,ce.ate^ .. e 
l y .nerorgan,c exacts were washed w„n saturated sod.um cn.or.de solution anc 1 dr.ed . ™ annydrcus 
,od.«m su.cna.e. The dned extracts were comb.neo and evaporated t g.ve 0... 9 of 
,behzvioxycaroohyi)-4,Rl.(!en.Cutoxyformam,do.-N-. tert.butyi-L-oroi.nam.de as an off-wh,.e cm 

M 0 25 9 o N^benzy.oxycarbonvi,-4<RW.en.butoxy.crmam,do>-N--..ert.bu.yl-L.pronn 3 m, Je 
solved in etnanoi and hydrogonated over 0 i g o. .0". oallad-um-on-caroon at rpom ™ature nd^noer 
atmosohenc pressure for * hours. The ca,a.vs. was f...ered oh a no the ....rate was evaocra tea . ow D. ■ ■ „ 
cf 4(R W te-. =U !oyyformam.col.N--tert.buty.-L-oro..nam.oe as a ciass wn, C h was used w.thou. -t ?r our...„ 

ticn. . , , , ^; ^ r C \. 

(V) , j 1 7 n Z i 4/RVitert.butoxyformam.do»-N , -tert.butv-L-cr':-ramide and • ;^ '^^^ 
■l:en2vioxv*3^marr.ico)-i.2fSVeDOxy-4-onenvibutane .n 15 ml c* cry s;ranc! were stirrer a."-: p 5 '' 1 "^ 
s:;u:.cn was o*. :o stand at .-cm temcerature for 45 days, wj-or was then her- - v . ^ 
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hours. Working-op as described In Example 92(1). with tho exception that the chromatography was earned 
out using 10% methanol in dichtoromethane for the elution. gave 0.230 g of ^K^SHbenzytoxyformamido)- 
2(R^ydroxy-4-phenytbutyi)^RWtertb^ as a gum. 

(vii) 022 g of r^3<SHberuytoxyfc<mamkto>-2(R^^ 
s (tert.butoxyfc<mamkjohN t -tert.butyl4.ixc4inamKJe was dissolved in 10 ml of ethanol and hydrogenated ever 
0.05 g of 10% palladlum-orvcarbon at room temperature and under atmospheric pressure for 2 hours. The 
catalyst was tittered off and the filtrate was evaporated to give 0.17 g of N 2 -[3(S)-amino*2(R>-hydroxy-4- 
phenylbotyl^RHtoftbutoxyformam as a gum which was used without fur- 

ther purification. 



Example 107 



In a manner analogous to that described in Example 27. from 162 mg of 2-([3(SH[l-asparaginyl)amino}- 
2(RHiydroxy-4-phenyl]butyll-N-tert.butyl-l ,2.3>tetrahydropyrido(3.4-b]indole-l (R or SKarboxamide. 
(isomer B). 55 mg of quinaldic acid. 43 mg of 1 -hydroxy benzotriazole. 0.04 ml of N-ethylmorpholine and 66 
mg of dicyclohexylcarbodiimide there were obtained, after chromatography on silica gel using 3% methanol 
20 in ethyl acetate for the elution, 95 mg of N-tert. butyl- 1 ,2.3,4-tetrahy dro- 2-{2(R>-hydroxy-4-phenyl-3(SH[ N-<2- 
quinolylcartxyiyl>-L*a3par8^inyl)amirK>Jbutyi]pyndo(3,4-b]indoie-l(R or Shcarboxamide; MS: m/e 707 
[M + H]\ 

The 2-[[3(SH(L-asparaginylJamirKJh2(Rh^ 
[3.4-b]indole-l(R or SKarboxamide used as the starting material was prepared by hydrogenating-243(S>-[- 
25 [N-<benzy loxycartx>nyl)-L-asparaginyl)aminoh2(RVhydroxy-4^henylbutyll-N-tert.butyl- 1 .2,3.4- 
tetrahydropyrido{3.4-b]indole-i(R or S>-carboxamide. 



Example 108 

30 

A solution of 154 mg of trans-2-[3(S)-[(L- asoaraginyl)amino]-2(RVhydroxy-4-phenylbutyl]-N*tert. butyl- 
decahydro-(4aR.8aS)-isoquinoline-3(S)-car00xamide and 52 mg of quinaldic acid in 6 mi of dry 
tetrahydrofuran was cooled in an ice/salt mixture. 41 mg of hydroxy benzotriazole. 35 mg of N-ethylmor- 

os pholine and 68 mg of dicyclohexylcarbodiimide were added and the mixture was stirred for 64 hours. The 
mixture was diluted with ethyl acetate and filtered. The filtrate was washed with aqueous sodium 
bicarbonate solution and with sodium chloride solution and then evaoorated. The residue was chromatog- 
raphed on silica gel using dichloromethane-methanol (9:1) for the elution to give 50 mg of trans-N-tert. butyl- 
decahydro-2-[2(R)-hydroxy-4-ohenyiO{SH[N^^ 

jo isoquinoline-3(S)<arooxamide as a white solid: MS: m/e 671 [M + H]\ 

The trans-2-(3(S)-((L-asoaraginyOaminoJ-2fR>-hydroxy-4-phenylbutyi)-N-ten.fcutyi-decahydro-f4aR.8aS)- 
isoquinoline-3(S)-carboxamide useo as the starting material was preoared by hydrogenating trans-2-{3(S)-{- 
fN-(benzyloxycarbonyl)-L*asparaginyi]amino]-2(R)-hydroxy-a-phenyibutyil*N-ten.butyl-decahydro-(4aR.8aS)- 
isoQuinoline-3(S)-carboxamioe. 

Example 109 



so A solution of '.02 g of ' -:3(S)-amino-2(R)-hyaroxy-4.-Dhenyibulvlj-N-tert.cutyl-2{S)-pip9ricir:ecaroo- 

xamide and 685 mg of N-(!en.Du:cxycaroonyi)-$-methyi-L-cysteine m ~ mi dry tetrahydrofuran was 
cooled in an ice/salt mixture. 394 nn^ «f hyaroxybenzotnazole. 335 mc of N-<?thyimoroholine ana 561 mc of 
dicyclohexylcarbodiimide were acoeo and the mixture was stirred for 3 hours. TN3 mixture was d'iuted with 
ethyl acetate and Altered. The fnirat« was washed with aqueous soaium bicarbonate solution and with 

55 sodium chloride solution ana then evaoorated. The solvent was removed by evaooration arc i. u o residue 
was chromatograohed on silica get -js.'ig aichioromethane. methanol i36. jn 'c :h-? elution to give 530 mg of 
I *[3(S)-[[N•(tea.butoxycarbonvl^L-cv!::emyl]amlno]*2(R)-hydroxy•4-phenyt^u^y:^N-'ert.butyl-2^3^ 
piperidinecarboxamide m the form z* a white sond: MS: m e 565 [M * ;J1 
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Example 110 



A solution of 650 mg of NMert.butyi-H3<$H<L<ystemyl)am^ 
piparidinecarboxamide and 242 mg of quinaidic acid was cooled in an ice/satt mixture. 189 mg of 
hydroxy benzotnaz le. 161 mg of N-ethylmorpholine and 317 mg f dicyctohexyicartxxJiimide were added 
and the mixture was stirred tor 64 hours. The mixture was diluted with ethyl acetate and filtered, and the 
filtrate was then evaporated. The residue was partitioned between dichtoromethane and aqueous sodium 
bicarbonate solution. The organic phase was washed with sodium chloride solution and then evaporated. 
The residue was chromatographed on silica gel using dichloromethane/methanol 09:1) for the elution to 
give 350 mg of N-tertbutyM42(RWiydrox^ 
2(S)-piperidtnecarboxamide as a white solid; MS: m/e 620 [M ♦ H] . 

The N*tert.butyl-H3(SH(L<ystoinyl)amfn^^ 
used as the starting material was prepared as follows: 

A solution of 930 mg of H3(SH[N^tert.butoxycarbonylhL<ysteinyl]aminoh2{R)-hydroxy^phenylbutyl]-N- 
tert.butyl-2(S)-piperidinecarboxamide in 7 mi of trifluoroacetic acid was stirred at 20 ' C for 1 hour. The 
mixture was then evaporated to dryness and the residue was partitioned between dichloromethane and 
aqueous sodium bicarbonate solution. The organic phase was evaporated to give 650 mg of N-tert.butyM - 
[3(SH<L<y*einyl)amino]-2(R>-hyd^ M a colourless gum; MS: 

m/e [M ♦ H]\ 



Examole m 



15 mg of freshly distilled acetyl chloride were added to a solution, which was cooled to 0 C and stirred, 
of 12 mg of 4<RHmino-NM3(SH[N^benzyloxycar^ 

NMert.butyl-L-proiinamide hydrochloride and 21 mg of sodium bicarbonate in 0.5 ml of water and 0.25 ml 
of dimethylformamide. The mixture was stirred vigorously at 0 * C for 5 hours and then left to stand at room 
temperature overnight. The mixture was diluted with water and extracted with dichloromethane. The 
combined dichloromethane extracts were evaporated to give a gum which was purified by flash chromatog- 
raphy on silica gel using 20% methanol in dichloromethane for the elution. There were obtained 2 mg of 4- 
<Ryacetyiamino-NM3<SH[N-<benzyloxyc^^^ 
tert.butyi-L*oroiinamide as a semi-solid: MS: m/e 639 [M + H] . 

The 4<R)-amino-N 2 -[3(SH[N-/benzyloxyc 
tert.butyl-L-prolinamtde hydrochloride used as the starting material was prepared as follows: 
29 mg of N 2 -(3(S)n[N 2 -(benzytoxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenyibutYl]-4(R)- 
(tert.butoxyformamidoj-N'-tert.butyl-L-prolinamtde were dissolved in 0.5 ml of a saturated solution of 
hydrogen chloride in othyl acetate ano left to stand at room temperature for 1 hour. The solution was 
evaporated and the residue was triturated with diethyl ether and stored at 4*C overnight. The separated 
solid was filtereo off and washed with diethyl ether to give 19 mg of 4(R)-amino-N 3 -[3(SH[N- 
(benzyloxycarbonylR-asparaginyilamw hydro- 
chloride as a solid of melting DOtnt 206-210 C. 

The following Examole illustrates the manufacture of a pharmaceutical preparation containing a 
compound of formula I or a pharmaceutical^ acceptable acid addition salt thereof as the active ingredient: 



Examole A 



An aaueous solution of the active «ngredient is filtered sterile ana mixed while warming with a sterile 
gelatine solution, which contains onenol as a preserving agent, using amounts such that 1 -GO ml of the 
resulting solution contains 3.0 of active ingredient, 150.0 mg of gelatine. 4.7 mg of phenol and distilled 
water ad 1.0 ml. The mixture -s niied into viais of i.O ml capacitv uncer aseptic conditions. 
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CUtons 

i. Compound* of the general formula 

* 2 R« <!>, 

CO X 



R" *' l ? } n a' 



1 3 \,6 k 9 



R 



wherein n stands for zero or 1: R 1 represents alkoxycarbonyl. aralkoxycarbonyl. alkanoyi. cycloalkyfcar- 
bonyi. aralkanoyl. aroyl. heterocyciylcarbonyl. alky (sulphonyl, arylsulphonyl, monoaralkylcarbamoyl, cin- 
namoyl or or-araikoxycarbonytaminoalkanoyl and R 2 represents hydrogen or R 1 and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of the formula 



A 



N- (a) 



V 



O 

in which P and Q together represent an aromatic system; R 3 represents alkyl. cycloalkyl. aryi. araikyl. 
heterocyclylalkyl, cyanoaikyi. aikylsulphinylalkyl. carbamoylalkyl or alkoxycarbonylalkyl or. when n stands 
for zero. R 3 can also represent alkylthioalkyi or. when n stands for 1 , R 3 can also represent alkylsulphonylal- 
kyl; R* represents alkyl. cycloalkyl. cycloalkylalkyl, aryl or araikyl; R 5 represents hydrogen and R* 
reoresents hydroxy or R* and R* together represent oxo; R ; and R 1 together represent a trimethylene or 
tetramethylene group which is optionally substituted by hydroxy, alkoxycarbonylamino or acylamtno or in 
which one -CH 2 - group is reolaced by -NH-. -N(alkoxycarbonylK -N(acyl)- or -S- or which carries a fused 
cycloalkane. aromatic or heteroaromatic ring; and R' represents alkoxycarbonyl. monoalkylcarbamoyl. 
monoaralkylcarbamoyl. monoaryicarbamoyl or a group of the formula 

NH CO 

-CO CH NH R (b) . 

R 10 



in wmch R 10 and R 1 ' each represent aikyi; 

ana oharmaceutically acceotabte aaa addition satts thereof. 

2. Compounds accoramg to claim i. "herein n stands (or zero. R : reoresents alkyl. cycloalkyl. aryl. 
araikyl, heterocyclylaikvi. cyanoaikyi. alkylthioalkyi. carbamoylatkyi or alkoxycarbonylalkyl and R 7 and R 8 
together represent a trimethylene or tetramethylene grouD m whicn one -CHj- grouD can be replaced by 
•NH- or -S- or which can carry a fuseo cycioalkane. aromatic or heteroaromatic ring. 

3. Compounds accoramg to claim i or ciaim 2. wherein R' reoresents alkoxycarbonyl, aralkoxycarbonyl. 
alkanoyl. cycloalkylcarbcnvi. aralkanovi. arovL heterocyclylcarbonvl or a-aralkoxycarbonylamino-alkanoyl. 
preferably oenzyloxycamcnvi. 2-naohtnovl. i-hvdroxv-2-naohthoyl. 3-hydroxy-2-naonthoyl. 3-cen:ycxy-2- 
naonthoyl. 2-aumoiylcarbonyi or 3-oumoiylcarbonyi. ana R 2 represents hydrogen. 

- Compounas accorcmg :o any one of claims 1 to 3. wherem P~ reoresents alkyl. rvar.calkyl. 
aikyithioaikyl or carbamoyiaikvi. oreferabty cyanomethyl. methyithiometnyi ?r carbamoylmethyi. 

= Comoounas accoramg to anv one of claims i to 4. wherein =* -eo-esents araikyl. preferab ; v :nrzy\. 

. _ 89372119 
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8. Compounds according to any or* o< claims i to 5. wnarain R* 



7. Compounds according to any or* of claims 1 to 6. wharain -N<R'>-CH(R l XH t ) raprasants < 
following groups 



and R* 
w or tha 



TO 



.12 



— N 



/ V." 



T5 



20 



30 



(O 



5 

A 



(•> 



(d) 



(t) 



35 



45 



SO 




and 




\ \ 



( i) 



55 



wherein R ? has the significance given in claim 1. R' 2 represents hydrogen, hydroxy, alkoxvcaroonylamino 
or acylamino. R ,: represents hyOrogen. aikoxycarbonyl or acyi. stanos for 1 or 2 and o vznas for 1 or 2. 
preferably a grouo of 'crmuia (c) in which R' 2 represents hyc'rcen ano m stands fcr 2 cr J 3 .' 2 represents 
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tert butoxycarbonylamino and m stands for 1. a grouo of formula (d) in which R" represents 
teftbutoxycarbonyl. a group of formula <e) in which m stands for 1 . a group of formula (f) in which m and p 
both stand for 1 or a group of formula (g). (i) or (j). 

8. Compounds according to any one of claims 1 t 7, wherein R 5 represents alkoxycarbonyl. 
monoaikytearbamoyl or a group of formula (b) given in claim 1 . preferably tertbutoxycarbonyl, isobutyicar- 
bamoyl. tert.butyfcarbamoyl or a group of formula (b) given in claim 1 in which R ,a represents sec.butyl and 
R" represents isobutyl. 

9. Compounds according to any one of claims 1 to B. wherein R 1 represents benzyloxycarbonyl. 2- 
naphthoyl, t-hydroxy-2-haphthoyl, 3-hydroxy-2-naphthoyl. 3-c*nzyloxy.2-naphthoyl, 2-quinolylcarbonyl or 3- 
quinolylcarbonyl and R 2 represents hydrogen. R 3 represents cyanomethyl, methylthiomethyi or carbamoyl- 
methyl. R* represents benzyl. R 5 represents hydrogen and R fi represents hydroxy and -N(RM-CH(R 8 )(R S ) 
represents a group of formula (c) given in claim 7. in which R 12 represents hydrogen and m stands for 2 or 
R 12 represents tert.butoxycarbonylamino and m stands for 1, a group of formula (d) given in claim 7 in 
which R 13 represents tert.butoxycarbonyl. a group of formula (e) given in claim 7 in which m stands for i. a 
group of formula (f) given in claim 7 in which m and p both stand for 1 or a group of formula (g), (i) or (j) 
given in claim 7 and R s represents tert.butoxycarbonyl. isobutylcarbamoyl. tert.buty (carbamoyl or a group of 
formula (b) given in claim 1 in which R 10 represents sec.butyl and R M represents isobutyl. 

10. ^3(SH[N-(Ben2yloxycarbonyl>-L-asparaginyl]aminoh2(R or SHiydroxy-4-phenylbutylf-N 1 - 
tert.butyl-L-prolinamide or ^3(SH[N^ben2yloxycart)onyl)-L-asparaginyl)aniinoh2(R or SWiydroxy-4- 
phenylbutylJ-NNsobutyl-L-proiinamide. 

11. A compound according to claim i, selected from: 
^3(SH[N-<BenzyloxycarbonylK-asparaginyl}^ 
thiazolidinecarboxa/.iide. 
N-tert.butyM^2<Rhhydroxy-3(SH[^H2-nap^ 
piperidinecarboxamide. 

1-(3(SHIN^ben2yloxycarbonylhL-asparaginyl)aminoh2(R>-hydroxy^phenylbutyl^ 

(3aS.6aSKyclopenta(b]pyrrole-2(SKarboxamide. 

H3<SHIN^benzyloxycart>onylR*asoaragi^^ 

piperidinecarboxamide , 

2^C(SH[NKtwzyloxycartonyl)-l-asp^ 

tetrahydropyrido(3,4-blindole--i-carboxamide. 

N-tert.buryl->{2{R>-hydroxy-3(SH[NW2-naohto^ 

thiazolidinecarboxamide. 

N'-tert.butyl-N 2 -(2(R)-hydroxy-^^ N 2_ 
oxide. 

W3(SH[N-(benzyloxycart»nyi)-3-cyano^-alanyi)amino-2^ 
pi peridinecarbox amide. 

M3(SH[N-(benzyloxycarbonyiK-asDaraginyl]amino)-2(^^^ 
tert.butyl-2(R or Sl-piperazinecarooxamide, 

l-(3(SH[N-(benzyloxycarbonyi)-3-cyano-L-alanyl]aminol-2(R)-hydroxy-4-phenytbutyi]-4- 
(tert.butoxycarbonyl)*N-tert.butyl-2(R or S)-piperazinecarboxamide, 

N 2 -[3(S)-[[N-{benzyloxycarbonyl)-L*asDaraginyl]amino]-2fRVhydroxy-4-phenylbutyl]-4(R)- 

(tert.butoxyformamido)-N'-tert.Dutyl-L-proiinamide. 

H3(SH[N-(3-benzyloxy-2-naomnoyt^L-asparagmyi]am 

piperidinecarboxamide. 

N-tert.butyl-r-{2(R)-hydroxy-4-ohenyi-3(SH[N-(2-auinolylcaroonyl)-L-asDaraginyi]amino]butyl]-2- 
piperidinecarboxamide 1 -oxide. 

N-tert. butyl M3(S)-[[N-(3-hydr3xy-2-naphThoyl)-L-asDaraginyl]am 
pioeridinecarboxamide. 

trans-2-(3(SH[N-(benzyioxycarDcnyh-L-2sparaginyl)a™^ 

decahydro-(4aR.8aS)-isoauinc!ine-3(Sl-carboxamrde. 

4-<tert.but0xycarCK3nyl)-N-tert.DutyM 

amino ]butyi]-2(R or S)-piDerazinecarooxamide. 

N-tert.butyl-l-[2(R)-hydroxy-3{SV[[r, , -<'i -^ydroxy-2"naonthoyi)-L*asoaraqiny:jamtno]-*i-ohenvibu!yi]-^fSV 
pipendinecarooxamtde. 

:rans-N-ten.DutyMecahydro-^[2! 2 W h yarcxy-4-oheny 
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bulylH4«RfiaSHsoQuinoaf^3(SKart>oxamibe and 
r**wt£utyM^2(R>*ydroxy-4-^^ 

12. MertSutyl W2(R>*ydf0>cy-4-pheny^S>fl^2^r^^ 

1 3. N-tert Butyt-octahydro- 1 ^2(RHiydroxy-4^>r>eny+-3<S>^N^2^uTO 
butyH3aS,6«S><yctop^ta(blpyTTO^2(SKart» 

14. N-tortButyM ,2.3.4-tetrahydn>2 [2(R)*ydro>rY-4-pr>enyl-3<SH[*H2^^ 
ammo)butyt]pyndo(3.4-b;ndote-l(R or SKarboxamide. 

io 15. Compounds of the general formula 



20 



NH c - 



5 /\ s U 

R R * 



wherein R represents hydrogen or the group 

A* 



R 3 represents alkyl. cyctoalkyl. aryl. aralkyl. heterocyclylalkyl, cyanoalkyl, aikylthioalkyl. alkylsulphinylalkyl, 
carbamoylaikyt or alkoxycarbonylalkyl: R* represents alkyl. cyctoalkyl, cycloalkylalkyl, aryl or aralkyl; R 5 
represents hydrogen and R* represents hydroxy or R* and R* together represent oxo: R 7 and R a together 
represent a trim ethylene or tetramethylene group which is optionally substituted by hydroxy, alkoxycar- 
bonylamino or acylamino or in which one -CH 2 - group is replaced by -NH-, -N(alkoxycarbonyl)-, -N(acyl)- or 
-S- or which cames a fused cycloalkane, aromatic or heteroaromatic ring; and R* represents alkoxycar* 
bonyl. monoalkylcarbamoyl, monoaralky (carbamoyl, monoarylcarbamoyl or a group of the formula 



NH 



— CO 



CH NH- 



.11 



(b) 



< 5 in which R'° and R" each reoresent alkyl. 
16. Compouncs of the general formula 



50 



X CH^ NH 

R" R R 



<?>n R 7, 



-N R 

"CH 
o 



8' 



VI 



wherein n stands for zero or 1; R ! represents atkoxycarbonyl. araikoxycaroonyi. alkanoyi. rycioalkylcar- 
bonyt. aralkanoyl. aroyl. he»erocyclylcarDonyl. atkylsulphonyl. a r ytsuiohonyl. rronoaralkvi::.:~amcyl. c:n- 
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nmoyt or <r***oxyc*r1xttYta^^ * represents hydrogen or rV and R» togemer with the 

nitrogen atom to wNcfi thev art attached represent a cycte imide group of tha formue 



I N— 



to 



'V 



in which P and Q together represent an aromatic system; R 3 represents alkyl, cycioaJkyl. aryl, aralkyl. 
heterocyciyialJcyl. cyanoaikyi. aJkytsulphinyfalkyl, carbamoyiaJkyl or alkoxycarbonylalkyl or, when n stands 
T5 for zero, R 3 can also represent aikyRhioaikyl or. when n stands for 1. R 3 can also represent aJkylsulphonylal- 
kyi; R* represents aikyl. cyctoaJkyl. cyctoaikylalkyl. aryl or aralkyl; R 5 represents hydrogen and R* 
represents hydroxy or R 5 and R* together represent oxo; R 7 and R* together represent a trimethytene or 
tetra m ethylene group which is substituted by amino: and R* represents aikoxycarbonyi. monoalkylcar- 
bamoyl, rricfwaraikylcarbamoyl, monoarylcarbamoyl or a group of the formula 



20 

nh y co \ 

-Cti^ CH NH R 11 (b) 

lio 

in which R 10 and R n each represent alkyi. 

17. Amino acid derivatives according to any one of claims 1 to H for use as therapeutically active 
30 substances. 

18. Amino acid derivatives according to any one of claims 1 to 14 for use in the treatment or 
prophylaxis of viral infections. 

19. A process for the manufacture of a compound in accordance with any one of claims 1 to 14. which 
process comprises 

JS ( a ) for the manufacture of a compound of formula I in which n stands for zero, reacting a compound 

of the general formula 

r 4 v 



R R 



wherein R*. RV R 7 . R* and R ? have the significance given m ciaim i, with an ac:d of the general 
formula 

50 

□ 2 

i i 

55 CH COCH 
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wherein R\ R 3 and fl 3 have the significance given m claim 1. 
or a reactive derivative thereof, or 

(b) for the manufacture of a comoound of formula I in which n stands for zero. R* represents 
hydrogen and R* re p re sen t s hydroxy, reducing a compound of formula I in which n stands for zero and R* 

s and R* together represent oxo. or 

(c) for the manufacture of a compound of formula I in which n stands for zero and R 1 represents 
alkanoyt, cycioaikylcartoonyl, aralkanoyi. aroyl, h terocycrytcarbonyl. alkytaulphonyl, arytsulphonyl. cin- 
namoyl or or aralkoxycaroonyiarninoaJkanoyl and R 2 represents hydrogen or R' and fl 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of formula (a) given in claim 1, 

io reacting a compound of the general formula 



20 



25 



30 



45 



SO 



CH NH 

' 3 R 3 V 



•• m CO ^ CB ^ > n 2 'V 



R 



wherein R 3 . R*. R 5 . R*. R 7 , R 8 and R 1 have the significance given in claim 1. 

with an agent yielding an alkanoyl. cycloalkylcarbony), aralkanoyi aroyl. heterocyclylcarbonyl. alkylsul- 
phonyi, aryisulphonyl. cinnamoyl or a-aralkoxycartXDnylamino-aikanoyl group or with an agent forming a 
cyclic imide group of formula (a) given in claim 1 . or 

(d) for the manufacture of a. compound of formula I in which n stands for zero and R 1 represents 
monoaraikyicaroamoyl and R 2 represents hydrogen, reacting a compound of formula IV given earlier in this 
claim with a compound of the general formula 
R' -N = C = 0 V 
wherein R' represents araikyl. 
or 

(e) for the manufacture of a compound of formula I in which R 3 represents alkylsulohinylalkyl and n 
stands for zero, oxidizing a compound of formula I in which R 3 represents alkyithioalkyl and n stands for 
zero, or 

(f) for me manufacture of a compound of formula I in which n stands for t , oxidizing a compound of 
35 formula I in which n stands for zero, or 

(g) fcr the manufacture of a comoound of formula I in which n stands for 1 and R 1 represents an 
aromatic N-heterocyclylcarbonyl N-oxide grouo and R 2 represents hydrogen, oxidizing a compound of 
formula I in wnich n stands for i ana R' represents an aromatic N-heterocyclylcarbonyl croup and R 2 
represents ryarogen. cr 

40 (h) for trie manufacture of a comoound of formula I in which n stands for 1 ana R 3 represents 

alkylsulohcnyialkyi. oxidizing a comoound of formula I m which n stands for l and R 3 represents 
alkylsulphinvsaikyl. or 

(i) for the manufacture of a comoound of formula I in which R' reoresents carboxy-substituted aroyl. 
hydroxy-sucstituted aroyt or nydrocinnamoyl and R 2 reoresents hydrogen, catalytically hydrogenating a 
comocuna cf formula I m wnich R' reoresents benzyloxycarbonyl-substituted aroyl. benzyloxy-substituted 
aroyl or cinnamoyl and R 2 represents hydrogen, or 

(j) fcr the manufacture of a comoound of formula I in which R 3 reoresents imidazoM-yl and/or R 4 
reoresents nydroxy-suosMuted aryi or nydroxy-substituted araikyl and/or R 7 and R s together represent a 
trimethviene cr tetramemyfene grouD in which one -CH?- group is reolaced by -NH-. treating a compound of 
formula I -r. which R 3 reoresents i -(benzyloxycaroonyD-imidazoM-yi and/or R 4 represents tertbutoxy- 
substituted aryi or ten.outoxy-suostitutea araikvi and'or R ; and R 8 together represent a trimethyiene or 
tetramethyiene group m wmcn cne -CH:- group is replaced by -Nftert.butoxy carbenyh- with a strong acid, 
or 

Co 'cr :he manufacture ■:: a compound of formula I in which R' ana R J 'rcether represent a 
trtmetnyiene :-r tetramemviene greuo which is suostituted by acylamtnc cr in wnich c.rn -CH;- group is 
reciacec cv -N(acyi)-. acyianr.c a :ompound of the general formula 
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1 3 ^\« l» 

,0 wherein n. R 1 . R 2 . R 3 . R 4 , RV R* and R* have the significance given in claim 1 and P 7 and R 8 together 
represent a trimethytene or tetramethytene group which is substituted by amino or in which one -CH 2 - 
group is replaced by -NH-, 
and/or 

(I) if desired, separating a mixture of diastereoisomeric racemates into the diastereoisomeric 
15 racemates or optically pure diastereoisomefs, and/or 

(m) if desired, separating a mixture of diastereoisomers into the optically pure diastereoisomers. 

and/or 

(n) if desired, converting a compound of formula I obtained into a pharmaceuticaily acceptable acid 
addition salt. 

20 

20. A process according to claim 19 wherein compounds of formula i wherem n stands for zero. R 3 
represents alkyl, cycloalkyl. aryl. aralkyl. heterocyclyialkyl, cyanoalkyl. aJkytthioalkyl, carbamoylalkyl or 
alkoxycarbonylalkyl and R 7 and R 1 together represent a trimethytene or tetramethytene group in which one 
•CHj- group can be replaced by -NH- or -S- or which can carry a fused cyctoalkane. aromatic or 

25 heteroaromatic ring and their pharmaceuticaily acceptable acid addition salts are manufactured according to 
embodiments (a), (b). (c), (d) and/or (n). 

21. A medicament containing an amino acid derivative according to any one of claims 1 to 14 and a 
therapeutically inert excipient. 

22. A medicament for the treatment or prophylaxis of viral infections, containing an amino acid 
30 derivative according to any one of claims 1 to 14 and a therapeutically inert excipient. 

23. The use of an amino acid derivative according to any one of claims 1 to 14 in the control or 
prevention of illnesses. 

24. The. use of an amino acid derivative according to any one of claims 1 to 14 in the treatment or 
prophyiaxis of viral infections. 

25 25. The use of an amino acid derivative according to any one of claims 1 to U for the manufacture of a 
medicament for the treatment or orophylaxis of viral infections. 

Claims for the following Contracting State: ES 

\. A process for the manufacture of comoounds of the general formula 



45 



50 



R (0> n R 

I T S 



wherein n stands for zero or \. ?,' reoresents aikoxycaroonyl, aralkoxycarbonvi. aikanoyl. cyc!c3lkylcar- 
bonyl, aralkanoyl. aroyl. heterocyclylcarbonyl. aikyisulphony!, arylsuiphonvf, monoaraikylcarcamoyl. c:n- 
namoyl or a-aralkoxycaroonylamiro-afkanoyi ana R 2 reoresents hydrogen or R' ana R : together w=th the 
nitrogen atom to which they are ar.ached recresent a cyclic tmide grouc of *he formula 
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10 



20 



■to 



A 



N— 



V 

o 



in which P and Q together represent an aromatic system; R 3 represents alkyl. cycloalkyl, aryl. aralkyl. 
heterocycfylalkyl, cyanoalkyt, aJkyisulphinytalkyl, carbamoylaikyl or aJkoxycarbonylalkyl or, when n stands 
lor zero, R 3 can also represent alkylthioalkyt or. when n stands for 1, R 3 can also represent alkylsufphonyiaJ- 
kyl; R* represents alkyl. cycloalkyl. cycloaJkylalkyl. aryl or aralkyl; R 5 represents hydrogen and R* 
represents hydroxy or R* and R* together represent oxo; R ; and R* together represent a trimethylene or 
;5 tetramethylehe group which is optionally substituted by hydroxy, alkoxycartoonylamino or acylamino or in 
which one -CH 2 - group is replaced by -NH-, -N(alkoxycarbonylh -N(acyl)- or -S- or which carries a fused 
cydoaikane. aromatic or heteroaromatic ring; and R' represents alkoxycartoonyl, monoalkylcarbamoyl, 
monoaralkylcarbamoyl. monoaryicarbamoyi or a group of the formula 



NH s C0 \ 
-«/ X CH X NH— R^^ 



(b) 



in which R'° and R" each represent alkyl; 

and pharmaceutical acceptable acid addition salts thereof, which process comprises 

(a) for the manufacture of a compound of formula I in which n stands for zero, reacting a compound 
30 of the general formula 

* 4 



l 2 4 



R 5 ^ V 



wherein RV R s , R 6 , R ; , R B and R 9 have the significance given above, 
with an acid of the general formula 



R 2 



CH COOH 111 

b 

"herein R\ R 2 ana R 3 *ave the signtficar.ee given above. 
55 or a reactive derivative thereof, or 

{&) for the manufacture of a c?mcouna of formula I ; . r - whicr n stands for zero. R- reoresents 
nyarogen ?.nu n 6 reoresents hydroxy, reducing a compound cf formtr*a i n which n stands for zero and R 5 
and R* together reoresent oxo. or 
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|c) for the manufacture of « compound of formula I in which n stands for zero and fV ropresents 
aikanoyi cyctoaikykurtx^yl. araJkanoyf. aroyl. hMarocyclylcartxsnyl. alkylsuiphonyt. arytsvlphonyl. drv 
n«noyt or *-ara*oxycerbonylamino»A^^ and R 2 represents hydrogen or R' and R 2 together wrth the 
nitrogen atom to which they are attached represent a cyclic imide group of formula (a) given in claim 1. 
reacting a compound of the general formula 



» 4 



2 v -ca / NoT >f ^CH^ .V 

,3 R ^ \. l» 



wherein R 3 . R*. R 5 , R*. R ; . R 1 and R 5 have the significance given above, 

with an agent yielding an alkanoyl. cyctoalkykartoonyl, aralkanoyl. aroyl. heterocyclylcarbonyl. alkylsul- 
phonyi, arytsulphonyl. cinnamoyl or a-araJkoxycart>onylamino-aikanoyi group or with an agent forming a 
cyclic imide group of formula (a) given eaxiier in this claim, or 

(d) for the manufacture of a compound of formula I in which n stands for zero and R 1 represents 
monoaraikylcaroamoyl and R 2 represents hydrogen, reacting a compound of formula IV given earlier in this 
claim with a compound of the gener aJ formula 

R' -N*C»,0 V 

wherein R' represents araJkyl, 

or 

(e) for the manufacture of a compound of formula I in which R 3 represents alkylsulphinylalkyi and n 
stands for zero, oxidizing a compound of formula l in which R 3 represents alkylthioalkyl and n stands for 
zero, or 

(f) for the manufacture of a compound of formula I in which n stands for 1 . oxidizing a compound of 
formula I in which n stands for zero, or 

(g) for the manufacture of a compound of formula I in which n stands for 1 and R 1 represents an 
aromatic N-heterocyclylcarbonyl N-oxide group and R 2 represents hydrogen, oxidizing a compound of 
formula I in which n stands for 1 and R 1 represents an aromatic N-heterocyctylcarbonyl group and R 2 
represents hydrogen, or 

(h) for the manufacture of a compound of formula I in which n stands for 1 and R 3 represents 
alkylsulphonylalkyl. oxidizing a compound of formula I in which n stands for 1 and R 3 represents 
alkylsulphinylalkyi. or 

(i) for the manufacture of a compound of formula I m which FV represents carboxy -substituted aroyi. 
hydroxy-substituted aroyl or hydrocmnamoyl and R 2 represents hydrogen, catalyticaily hydrogenating a 
compound of formula I in which R 1 represents benzyioxycarbonyi-substituted aroyl, benzyioxy-substituted 
aroyi or cmnamoyi and R 2 represents hydrogen, or 

(j) for the manufacture of a comoound of formula I in which R 3 represents imidazoi-4-yi and/or R* 
represents hydroxy-substituted aryl or hydroxy-substituted araikyi and/or R ; ana R« together represent a 
tnmethylene or tetramethylene group m which one -CH 7 - group is reolaced by *NH-. treating a compound of 
formula l in which R 3 represents 1 -(benzyloxycarbonylHmtdazol-4-yl and/or R 4 represents tert.butoxy- 
substituted aryl or tert.butoxy-substituted araikyi and/or R 7 and R 8 together represent a trimethylene or 
tetramethylene group in which one -CH ? - group is replaced by -Nftert.butoxycarbonyl)- with a strong acid, 
or 

(k) for the manufacture of a comoound of formula I in wmch R ; and R 8 together represent a 
tnmethylene or tetramethylene group which is substituted by acyiamino or m which one -CH?- group is 
replaced by -N(acvi)-. acyiatmg a compound of the general formula 
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wherein n, R 1 , R* ( R3, R*. R 5 , R* and R* have the significance given above and R 7 and R* together 
represent a tri methylene or tetramethylene group which is substituted by amino or in which one -CH ? - 
group is replaced by -NH-. 
and/or 

(I) if desired, separating a mixture of diastereoisomeric racemates into the diastereoisomeric 
racemates or optically pure diastereoisomers. and/or 

(m) if desired, separating a mixture of diastereoisomers into the optically pure diastereoisomers. 

and/or 

(n) if desired, converting a compound of formula" I obtained into a pharmaceuticaJly acceptable acid 
addition salt. 

2. A process according to claim i, wherein compounds of formula I wherein n stands for zero, R 3 
represents aJkyl. cyctoalkyi. aryl. araikyl. heterocyclylalkyl. cyanoatkyl, alkylthioalkyl, carbamoylaikyl or 
alkoxycartoonylalkyl and R 7 and R* together represent a trimethytene or tetramethylene group in which one 
-CH 3 - group can be replaced by -NH- or -S- or which can carry a fused cycloalkane. aromatic or 
heteroaromatic ring and their pharmaceuticaJly acceptable acid addition salts are manufactured according to 
embodiments (a), (b). (c). (d) and/or (n). 

3. A process according to claim 1 or claim 2. wherein R' represents alkoxycarbonyl, araikoxycarbonyl, 
alkanoyi. cycloalkytearbonyl. araikanoyl, aroyl, heterocyclylcarbonyl or a-aralkoxycarbonylamino-aikanoyl, 
preferably benzyloxycarbonyl. 2-naphthoyl, 1-hydroxy-2-naphthoyl. 3-hydroxy-2-naphthoyl, 3-benzyloxy-2- 
naphthoyl. 2-quinolylcarbonyl or 3-<3uinolylcarbonyl ( and R 2 represents hydrogen. 

4. A process according to any one of claims t to 3. wherein R 3 represents alkyl. cyanoatkyl, 
alkylthioalkyl or carbamoylaikyl. preferably cyanomethyl, methylthiomethyl or carbamoylmethyl. 

5. A process according to any one of claims 1 to 4. wherein R* represents aralkyl, preferably benzyl. 

6. A process according to any one of claims 1 to 5. wherein R 5 represents hydrogen and R 6 represents 
hydroxy. 

7. A process accoroing to any one of claims i to 6. wherein -NfR'VCHfR'HR 5 ) represents one of the 
following groups 
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wherein R* has the s.gmficance 5 .ven .n ci»m i. H' 2 represents hydrogen, hydroxy, alkoxycarbonylam.no 
or acylam-no. fl' 3 reDresents hvorocen. alkoxycarbonyl or acyl. m stands lor 1 or 2 ana p stands (or 1 or 2. 
preferably a grouo of formu.a -c: r wn.ch R' ? represents hydrogen and m stands lor 2 or FV- ^presents 
tert Dutoxvcarbonvlarn.no an." - stands (or i. a group of formula <d> in wh,ch X ■ presents 



tert butoxycarbonylarmno 
tert.butoxycarbonyf. a grouo c 
both stand for 1 or a arouo ?f 



'c""-uia (e i m whicn m stands for 1. a grouc 
rrr-j'a <g). (i) Or (j). 



formuia (0 ; n wp" 



ana o 
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a A process according to any one or claims t to 7. wherein R* represents atacycarecnyi. moooiikyl- 
carbamoyl or a group of formula (b) given in claim 1. preferably tertbutoxycartonyi. iscsuryicsrbsmoyl. 
tar^butyicarbamoyi or a group of formula (b) given in claim 1 in which R 10 represents scc.outyl and R n 

represents isobutyi. . 

9 A procesa according to any one of claims 1 to 8. wherain R 1 represents bsruy.oxycaroonyi. 2- 
n^nt^ovi. i^ydroxy-2-naphihoyt. 3-hydroxy.2-naphthoyl. >benzyioxy-2-naphthoyl. 2-quinolyfcarbonyi or 3- 
quirwrytearbonyt and R 2 represents hydrogen, R 3 represents cyanomethyi. metrtytthiomethyt or carbamoyl- 
methyl. R 4 repre a e n ta benzyl, R* represents hydrogen and R* represents hydroxy and -NtR'KH'rVXR*) 
represents a group of formula (c) given in claim 7. in which R ,J represents hydrogen and r. stands for 2 or 
R 1 * represents tert.butoxycarbonyiamino and m stands for i, a group of formula (d) given in claim 7 in 
which FV 3 represents tertbutoxycarbonyl, a group of formula (e) given in claim 7 in which m stands for 1. a 
group of formula (f) given in claim 7 in which m and p both stand for 1 or a group of formula (g), (i) or (j) 
given in claim 7 and R* represents tert.butoxycarbonyl. isobutylcarbamoyl. tert.butytcarbamoyl or a group of 
formula (b) given in claim 1 in which R 10 represents sec.butyl and R" represents isobutyi. 

10. A process according to claim 1. wherein N-tert.butyl i-{2(R>-hydroxy^-phenyl-3(SH[N-<2-quinolyl- 
carbonyiK-aspe/aginyl)amino]buty^ is prepared. 

11. A process according to claim i, wherein N-tertbutyl-octahydro-H2(R>*^ 
quirK>lyk*rbonylK-aspa/aginyl)am^ '$ prepared. 

12. A process according to claim 1, wherein N-tert.ButyM .2.3.4-tetrahydr^ 
(SHW2^ino<ylcart>onylK-aspa/aginy^ or SKarboxamide is pre- 
pared. 

13. The use of an amino acid derivative of formula I set forth in claim 1 or a pharmaceutical^ 
acceptable acid addition salt thereof for the manufacture of a medicament for the treatment or prophylaxis 
of viral infections. 



Claims for the following Contracting State: GR 

1 . A process for the manufacture of compounds of the general formula 

,2 r 4 <s>„ y 



R 



1 i CO. .CIT ^CH 2 — R 



X V 



R" 



wherein n stands for zero or \\ R 1 reoresents alkoxycarbonyl, aralkoxycarbonyi. alkanoyi. cycloalkyicar- 
bonyl. aralkanoyl. aroyl. heterocyclyicarbonyl. alkylsulphonyl. arylsulphonyl. monoaralkyicaroamoyl. cin- 
namoyi or a-aralkoxycarbonyiammo-aikanoyi and R 2 represents hydrogen or R 1 and R 2 together with the 
nitrogen atom to which they are attached reoresent a cyclic irntde group of the formula 



0 




(a) 



o 



m which F and Q together recresent an aromatic system: =v -eoresents aikyl. cycsc? 
heterocvdyiaikyl. cyanoalkvl. aikvisuiDhmyiaikyl. carbamoytaikvi aikoxycarbonyJalky! : 
for zero. R- can also represent alkylthioalkyl or. when n stands fcr * R- can also reores?r 
Vyi: R 4 reoresenis alkvL cycioalkyl. cyctoalkylalkyl. aryl cr vsikv'. R* reoresent.- 
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v^en n stands 
: z'cyisulohonylal- 
■/•;on and R* 
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reoresems hydroxy or R* and R* toother npwiol o»: R' and R« togetfw represent • trimothytene or 
tatranwinyMM group which is opttonatty substituted by hydroxy. altery ca iUwiy ta rnino or acyiamino or in 
which ona -CH,- group is replaced by -NH-. -N<aH<oxycarbonyiy.. -*K«cyl>- or -S- or which carries a fused 
cyctosfcane. aromatic or heteroarornatic ring: and R» represents aJtoxycarbonyl. morwaikylcarbsrnoyl. 
s nwnoaralkylcarbarnoyt. rrwnoarytearbamoyl or a group of the formula 



w 
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30 



35 
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-CO' CH NH— R (b) 

I 10 



in which R t0 and R" each represent aikyi; 
TS and pharmaceirtically acceptable acid addition salts thereof, which process comprises 

(a) tor the manufacture of a compound of formula I in which n stands for zero, reacting a compound 
of the general formula 



R 4 



H 



B 5 V 



wherein R*. R 5 . R fi , R 7 . R* and R 1 have the significance given above, 
with an acid of the general formula 



R 2 



"^CH COOH 111 

I' 

40 wherein R\ R 2 and R 3 have the significance given above, 
or a reactive derivative thereof, or 

(b) for the manufacture of a comoound of formula I in which n stands for zero. R- represents 
hydrogen and R« represents hyaroxy. reducing a comoound of formula I in which n stands for zero and R 5 
and R* togemer reoresent oxo. or 

45 (c) for the manufacture of a compound of formula I m which n stands for zero and R' represents 

alkanoyl. cycloalkylcarbonyl. aralkanoyl. aroyi. heterocydylcarbonyl. alkylsulphonyi. arylsulohonyl. cm- 
namoyf or a-aralkoxycarbonyiam.noalkanoyl and R 2 reoresents hydrogen or R 1 and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic .m.de group of formula (a) given earlier in this 

so claim, reacting a compound of the general formula 
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wherein R 3 R* RV R*. R ; . R 1 and R' have the significance given above. 

with an agent yielding an alkanoyl. cyctoalkytearbonyl. ar alkanoyl. aroyi. heterocyclylcarbonyl. alkylsul- 
pbonyl, arylsulphonyl, cinnamoyi or o-afaikoxycartjonylarnino-alkanoyi group or with an agent forming a 
cyclic imide group of formula (a) given earlier in this claim, or 

(d) for the manufacture of a compound of formula I in which n stands for zero and R 1 represents 
monoaralkyteartamoyl and R 1 represents hydrogen, reacting a compound of formula IV given earlier in this 
claim with a compound of the general formula 
r«-N«C«,0 V 
wherein R 1 represents aralkyl, 

°* (e) for the manufacture of a compound of formula I in which R 3 represents alkylsulphinylalkyi and n 
stands for zero, oxidizing a compound of formula I in which R 3 represents alkylthioalkyl and n stands for 



(f) for the manufacture of a compound of formula I in which n stands for 1 . oxidizing a compound of 
formula I in which n stands for zero, or 

(g) for me manufacture of a compound of formula I in which n stands for 1 and R 1 represents an 
aromatic N^terccyclyicartoonyl N-oxide group and R 2 represents hydrogen, oxidizing a compound of 
formula I in which n stands for 1 and R 1 represents an aromatic N-heterocyclylcarbonyl group and R 2 
represents hydrogen, or 

(h) for the manufacture of a compound of formula I in which n stands for t and R 3 represents 
alkylsulphonylaikyl. oxidizing a compound of formula I in which n stands for 1 and R 3 represents 
alkylsulphinylalkyi. or 

(i) for me manufacture of a compound of formula I in which R' represents carboxy-substituted aroyl. 
hydroxy-substituted aroyi or hydrocinnamoyl and R 2 represents hydrogen, catalyticaily hydrogenating a 
compound of formula l m which R' represents benzy loxy carbon y I -substituted aroyl. benzyioxy-substituted 
aroyl or cinnamoyi ana R 2 represents hydrogen, or 

(j) for the manufacture of a compound of formula I in which R 3 represents imidazol-4-yl and/or R* 
represents hydroxy-substituted aryl or hydroxy-substituted aralkyl and/or R ; and R 1 together represent a 
trimethylene or tetramethyiene group in which one -CH,- group is replaced by -NH-. treating a compound of 
formula I in which R : reoresents 1 -{benzyloxycaroonyt)-.m.dazoM-yl and;or R* represents tertbutoxy- 
substitute arvl or tert.butcxvsubstituted aralkyl and/or R ; and R 8 together represent a trimethylene or 
tetramethviene group -n which one -CH 2 - group is replaced by -Nftert.butoxycarbonyl)- with a strong acid. 



(k) for the manufacture of a compound of formula I in which R ; and R* together reoresent a 
trimethylene or tetramethyiene group which is substituted by acylammo or m which one -CM : - group is 
replacea by •N(acyi)-. acyatmg a comoound of the general formula 



zero, or 



or 




VI 



wherein n =V. R 2 . = l R * . P> ana R ? have the significance given above anc 1 
represent a '/[methylene c -erramethyiene group which is subs^tLter *v ammo c r 



R 6 together 
-•-h cnc -CH 2 - 
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group is replaced by -NH-. 

afldtoT 

(1) tf rJetfrrrt. separating a mixture f di as tereo iso mehc racemate* into me dlaftereoisomeric 
racemates of opbcetty pure dlaatereotsomers. and/or 
s (m) if desired, separating a mixture of diasterooisomers into me optically pure diastereoiscmers, 

and^or 

(n) if desired, converting a compound f formula I obtained into a pharmaceutical acceptable acid 
addition salt 

2 A process according to claim 1. wherein compounds of formula I wherein n stands for zoro. R 3 
represents aikyt, cydoaikyl. aryt. araikyl. heterocyciylaikyl. cyanoaikyl. aikytthioalkyl. cartoamoyiaikyl or 
altoxycarbonyiaikyi and R 7 and R 1 together represent a trimethytene or tetramethylene group in wnich one 
-CH 2 - group can be replaced by -NH- or -S- or which can carry a fused cycloaJkane. aromatic or 
lieteroaromntic ring and their pharmaceuticaily acceptable acid addition salts are manufactured according to 
19 embodiments (a), <b). (cK <d) and/or (n). 

3. A process according to claim 1 or claim 2. wherein R' represents alkoxycarbonyl, aralkoxycarbonyl. 
alkanoyl. cyctoalkytearbonyl. araikanoyl, aroyl, heterocyciylcarbonyl or o-araikoxycartoonylamino-aikanoyl, 
preferably beruykjxycarbonyl. 2-naphthoyl, i -hydroxy-2-naphthoyr, 3-hydroxy-2-naphthoyl. 3-benzyloxy-2- 
naphthoyl, 2-quinoiylcarbonyl or 3-qutnolylcarbonyl, and R 2 represents hydrogen. 

4. A process according to any one of claims 1 to 3. wherein R 3 represents alkyl, cyanoaikyl. 
alkytthioalkyl or carbamoyialkyl, preferably cyanomethyl, methylthiomethyl or carbamoylmethyl. 

5. A process according to any one of claims 1 to 4. wherein R* represents araikyl, preferably benzyl. 

6. A process according to any one of claims 1 to 5, wherein R* represents hydrogen and R* represents 
hydroxy. 

7. A process according to any one of claims 1 to 6. wherein .N<R ; hCH(R«XR s ) represents one of me 
following groups 
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wherein R* has the significance given m claim i. FT 2 reoresents hycrogen. hydroxy, aikoxycarbonylamino 
or acylamino. R° represents hydrogen. aikoxycarDonyl or acyl. m stands for 1 or 2 and D stands for 1 or 2, 
preferably a grouD of formula (c) m which R' 2 reoresents hydrogen and m stands for 2 or R 12 represents 
tert butoxycarbonyiamino ana m stanas for !. a group of formula (d) in which R :3 represents 
55 tert.butoxycarbonyl. a group of formula <e) m which m stands for v a group of formula (f) in wmch m and p 
both stand for I or a grcuo of- formula (g). (i) or (j). 
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a. A process according to any on* of claims i to 7. wherein R* represents aitaxycarbonyi, monoalkyV 
carbamoyl or a group of formula (b) given in claim 1. preferably tert.butoxycartoonyl. isobutylcartjamoyi. 
tertbutytearoamoy* or a group of formula (b) given in claim 1 in which R t0 represents sec.butyl and R M 
represents isooutyl. 

5 9. A process according to any one of claims t to 8. wherein R 1 represents benzyloxycarbonyl, 2* 
naphthoyl. 1 ^oYoxy-2-naphthoyl, 3-hydroxy-2 naphthoyi. 3-benzytoxy-2-naprrthoyl. 2-quinolylcarbonyl or 3- 
outrK)lytcarbortyt and R 2 represents hydrogen, R 3 represents cyanomethyi. methytthiomethyl or carbamoyl 
methyl. R* represents benzyl, R» represents hydrogen and R« represents hydroxy and -N^y-CH^KR 1 ) 
represents a group of formula (c) given in claim 7, in which R 12 represents hydrogen and m stands for 2 or 

to R 12 represents tert.butoxycarbonylamino and m stands for 1. a group of formula (d) given in claim 7 in 
which R 13 represents tertbutoxycarbonyl. a group of formula (e) given in claim 7 in which m stands for 1. a 
group of formula (0 given in claim 7 in which m and p both stand for 1 or a group of formula (g). (i) or (j) 
given in claim 7 and R* represents tert. butoxy carbony I , isobutytcarbamoyf. tert.butytearbamoyl or a group of 
formula (b) given in claim 1 in which R 10 represents sec.butyl and R" represents isobutyl. 

t$ 10. A process according to claim 1. wherein N-tertbutyl i-{2(R)-hydroxy-4-phenyl-3(SH[N-{2-<?uinolyl- 
cartxxiylK-asparaginyiJaminolbu^^ is prepared. 

1 1. A process according to claim 1, wherein N-te^butyR>ctahydro-H2(R)*y 
quinolytcarDwythL-asp^aginyiJaminoJc^tylH is prepared. 

12. A process according to claim 1, wherein N-tert.Butyl-1.2.3,4-tetrahydrc-2K2(R)-hydroxy-4-phenyl-3. 
20 (SHI*H2^inoryk»rbonylK-a3p^ or Shcarboxamide is pre- 
pared. 

13. A process for the manufacture of a medicament, particularly to be used in the treatment or 
prophylaxis of viral infections, which process comprises bringing an amino acid derivative of formula I set 
forth in claim 1 or a pharmaceutrcaJiy acceptable acid addition salt thereof into a galenical dosage form. 

25 1 4. Compounds of the general formula 



30 



\ 



NH 



wherein R represents hydrogen or the group 



CH 



50 



R 3 represents atkyl, cycloalkyi, aryl. araikyi, heterocyclylalkyi. cyanoalkyi. alkylthioalkyl. alkyisulphinylalkyl. 
carbamoyiaikyf or alkoxy carbonyiatkyt; R* represents alkyl. cycloalkyi, cycloalkylalkyl, aryl or aralkyl; R 5 
represents hydrogen and R s reDresents hydroxy or R 5 and R* together represent oxo; R 7 and R 8 together 
represent a trimethylene or tetramethyiene group which is optionally substituted by hydroxy, alkoxycar- 
bonylamino or acyiamino or in which one *CH ? - grouo is replaced by -NH-. -N(alkoxycarbonyl)-. -N(acyl)- or 
-S- or which carries a fused cydoalkane. aromatic or heteroaromatic ring; and R ? represents alkoxycar* 
bonyl, monoaikylcarbamoyl, monoaralkyicarbamoyl. monoaryicarbamoyl or a group of the formula 

NH / C °\ 

' -0 (b) 
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in which R'° and R" eeeh repre se n t aJkyl. 
13. Compounds of th# Qeneral formuis 

f V ( t°y 

N CH NH ^CH^ 

to 1 3 £ \ * I o 

R J R R° R 

wherein n stands for zero or 1; R' represents aJkoxycarbonyi t araJkoxycart)onyl. alkanoyl, cycioaikylcarbonyl. 
?5 aralkanoyi, aroyl. heterocyclylcarbonyl, aJkyl sulphonyl, aryisulphonyl. morxja/aikylca/bamoyl. cinnamoyt or 
oraraitoxycartonylamino-alkanoyl and R 2 represents hydrogen or R' and R a together with the nitrogen atom 
to which they are attached represent a cyclic imide group of the formula 
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A 



(a) 

25 6 



m which P and Q together represent an aromatic system; R 3 represents aJkyl, cycloalkyl, aryl. araikyl 
heterocydyiaikyl, cyanoaikyl. aikylsulphinylalkyl, carbamoylalkyl or aikoxycarbonylalkyl or. when n stands 
M for zero. R 3 can also represent alkylthioalkyl or. when n stands for 1 . R 3 can also represent aikylsulphonylal- 
kyl; R* represents alkyl, cycloaikyl, cycloalkylalkyl, aryl or araikyl; R* represents hydrogen and R« 
represents hydroxy or R* and R' together represent oxo; R 7 and R* together represent a trimethylene or 
tetramethylene group which is substituted by amino; and R» represents aJkoxycarbonyl. monoalkVtear- 
bamoyl. monoaralky (carbamoyl, monoarylcarbamoyl or a group of the formula 



NH CO 

^10 (b) 
in which R'° and R 1 ' each represent alkyl. 
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